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Periodical phenomena have long been favourite subjects of research 
on the part of physical philosophers, and in many instances — as, for 
example, in the daily periodicity of the Tides — a satisfactory explana- 
tion has been arrived at 

To the Physiologist, also, the idea of periodicity is no less familiar. 
The annual development of sexual activity in many of the lower 
animals, and the monthly recurrence of an analogous process in our 
own species, present well-known instances of a marked periodicity. 
The object of the present paper is to shew that a Daily periodicity 
can also be traced in some of the most impoi-tant functions of our 
economy, and that this daily oscillation is of such a chai*acter as to 
elude explanation by any of the obvious causes which have hitherto 
been suggested. 

It is not necessary for the purpose of the present inquiry to de6ne 
the exact significance of the phrase " Vital Functions.'' The phe- 
nomena about to be referred to in this paper are confessedly amongst 
the most important features of animal existence: they have been 
selected from others of perhaps equal importance, chiefly on account 
of their being susceptible of a satisfactory estimation and statement 
in a quantitative manner. 

Vol. IX.— No. 1. b 
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Before procee4ii;g 'farther, it should at once be mentioned that 
this subject ha& epjgkged the attention of Dr. Edward Smith. After 
communicatiDg'.vanous papers to the Medico-Chirurgical and to the 
Ilojal Soc.^A^y*^e summed up his results in a book, published in 
1861, entiti.ed,' Cyclical Changes. In this work the "Daily Cycle," 
as he calls -it, is considered in respect of the rate of Pulsation and 
KespiHfttion, and the Excretion of Carbonic Acid and Urinary matter. 
Th^%ffoct of £Etsting on these functionB was also, to some extent, inves- 
tigl^d The results of Dr. Smith's laborious inquiry will be made 
'uBe* of in this paper; but since the date of his observations other 
'. '.investigationa have been made; and while they confirm in large 
\ '' measure the results he arrived at, they correct some of his ideas, and 
seem to put the question on a more stable and somewhat different 
foundation. In this work Dr. Smith spoke of its being still a 
desideratum to determine experimentally the oscillations of tempera- 
ture which occurred during the night and day in the human subject 
(p. 86), so that he eould not incorporate in his- book the results 
yielded by this method of inquiry. 

The vast importance of the oscillation c^ the temperature, as 
expressing the resultant of the manifold operations going on in the 
human system, has of late years been more and more realised, and 
so we now possess very complete observations on this physiological 
point. A few years ago I had an opportunity of making a con- 
tribution to this part of the subject, as regards the diurnal variation 
of temperature observable in healthy children. The details of this 
inquiry, embracing about SOO observations, were communicated, in 
1868, to the Medical Section of the Manchester Royal Institution, 
and they have since been published in full.* The general result 
(as shewn in the Diagram No. 1) may be expressed as indicating 
the existence of a minimum from about 10 p.m. to 3 a.m., of a 
gradual rise during the early morning houi*s, of a maximum during 
the day, and of a tolerably rapid fall during the early part of 
the evening. The average range of temperature thus described 
amounted to more than three degrees of Fahrenheit's scale. This 
range of normal temperature was regarded as so considerable, and 
the diminution in the evening so remarkable, that at first some 
doubts were not unnaturally expressed regarding the coiTectness of 
these conclusions; but further investigation of the subject, on the 
part of others, has confirmed the' results then published. t 

* "On the Normal Temperature in Children." — Glasgow Medical Journal 
Feb., 1869; also, in Journal fUr Kinderhrankheiten, Erlangen, June, 1869. 
t "On the Temperature of the Human Body in Health,*' by Sydney Binger, 
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If we compare the curve representing tbeRe observations on 
temperature with a curve from Dr. Smith's paper, derived from 
tbree days' observations of the pulse-rate in the case of a healthy 
child (cp<. 6), we find that the pulse-curve (Diagram No. 2), 
although apparently more subject to disturbing influences, indicates 
a general and essential agreement with the other. 

In the case of adults, the variations of the temperature and of the 
pulse-rate present a less range of oscillation, and the adult pulse 
occupies a somewhat lower level; but the daily oscillations are 
essentially similar in character.* I select for illustration the 
observations of Dr. Edward Smith on his own average pulse-rate 
(Diagram No. 4); the minimum observed by him during the hours 
immediately succeeding midnight is all the more instructive, as, 
during the three days of this inquiry, he was awake in the night as 
well as the day.t 

The variations of the adult temperature might, in the present 
state of science, be illustrated by the laborious results of many 
inquirers, both English and foreign ; but, for a special reason, the 
observations of Jiirgensen,J which, indeed, agree in the main with 
those of other observers, seem to answer our present purpose best. 
These observations, like those in my own inquiry on children, were 
made in one of the internal cavities. They were, during the 
period of inquiry, exceedingly numerous, and the man while under 
observation remained in bed. The curve selected § shews the 
variation of temperature in the course of a single day and night; 
and except that the range is somewhat less, and the period of the 
evening decline and the morning ascent somewhat later, the essen- 
tial features are identical with the children's average, as shewn 

M.D., and the late Andrew Patrick StxL&rt.— Proceedings of the Rotfal Society, 
Feb. 11, 1869. 

"Die normale Temperatur in Kindeaalter," von Dr. C. Pilz (Jahrb, f. Kinder- 
keUk. iv. 4, p. 414, 1871), Analysed in Schmidts Jahrbucher, bd. 152; p. 177 ; 
and Biennial Retrospect of Medicine, Lend. 1873, p. 39. 

• Dr. Edward Smith describes four periods, viz:— **1«<. The minimum 
period or 'night,' from 1 to 5 A. M.; 2nd. The maximum period or *day,' from 
9 A.M. to 9 P.M.; 3rJ. The 'morning,* ascent, from 5 to 10 A.M.; and, Uh, 
The 'evening* descent, from 9 p.m. to 1 JL.M.^—MedicO'Chirurgicdl Trans- 
actions, voL xxxix., p. 42, Lond. 1856. 

t Dr. Edward Smith— CycZwa? Changes, Lond. 1861, pp. 6 and 99. 

t Dr. Theod. Jiirgensen. — Deutsches Archiv /. Jdinische Medicin, bd. iii. 
Leipz. 1867. Keprinted ; Die KOrperwdrme des gesunden MenscJien. Leipzig, 
1873. 

§ Man, cet. 42, Sept. 21, compiled from Tab." IV. and V. of JUrgensen** 
paper, already referred to. 
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in the other diagram. Disregarding, for our present purposes, the 
comparatively slight variations of the temperature during the day, 
we may again express the result, as shewing a minimum after 
midnight, a rise in the morning, a maximum during the day, and a 
decline in the evening. (Diagram No. 3.) 

Leaving the temperature, and turning to one of the most im- 
portant excretions, we find that the amount of urinary solids, when 
tabulated for the various hours of the day, shews an essentially 
similar variation. Dr. William Roberts* of Manchester has, amongst 
others, investigated thifl question ; and although there is an inevit- 
able slumping of the rate of secretion dunng the hours of sleep, his 
results, when reduced to the form of a curve (Diagram No. 6), are 
valuable for this inquiry. The description of the daily oscillation 
need not be re.peated, as, indeed, the language just used with regard 
to the pulse and temperature adequately expresses it. 

Dr. Edward Smith's investigationt of the excretion of urea at 
different hours of the day, agrees essentially with these results ; and 
even when the diet was restricted to water only, without food of 
any kind, the usual daily range preservea its former character. 

We thus find in three sets of phenomena, which are perhaps 
among the most important that belong to the animal economy — 
the Pulse, the Temperature, and the Urinary excretion — a well- 
marked daily range of variation. It starts from a minimum 
maintained from about midnight to the first few hours after it; 
rising gradually during the later hours of the morning, or in the 
course of the forenoon, it attains the maximum or maxima at 
some time during the course of the day, and declines again in the 
early evening, or at least before midnight. It is no part of our 
present purpose to discuss the interconnection of these functions, 
or to inquire which, if any, should be regarded as the primary 
phenomenon. We do not err in supposing that the various oscil- 

* Edinburgh Medical Journal, March, 1860 ; also, Urinary and Renal Diseases, 
2nd ed., LoDd. 1872, p. 21. Average of seven days ; solid matter calculated 
from specific gravity, taken with the specific gravity bottle. 

f *' The average hourly emission of urea was, on the -whole day, 21 '7 grains ; 
during the night, 16*5 grains ; before breakfast, 20'3 grains ; and before mid- 
day, 25*5 grains. The decrease of the night was 24, and of the early morning, or 
* basis quantity,' 6*4 per cent, whilst the increase to mid-day was 17 i per cent. 
. Water taken several times during a day of fststing caused the same 
hourly progression in the elimination of urea and urine as occurs with food, 
except that the changes were more rapid and the decrease at the end of the 
intervals greater." — Dr. Edward Smith on the ** Elimination of Urea and Urinary 
Matter," Proceedings of the Royal Society, May 30, 1861, vol xi., p. 216. 
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lations noticed are all manifestations of certain deep-seated changes 
in tlie human organism, occurring day by day in a rhythmical 
manner. 

But it may occur to many that the explaenation of all this lies on 
the surface. For, it may be said, the period of darkness bringing 
rest and sleep, reduces the ainimal functions to a minimum; the 
stimulation of the light and heat of a new day arouses the energies, 
and calls us forth to muscular exertion; the morning meal further 
heightens the play of the internal forces, and leads up to the 
maximum reached or maintained during the day ; but this naturally 
begins to fade away as the chill^ and rest of another evening ushers 
in again our nightly sleep. 

It remains now to point out that this explanation breaks down 
so completely, when analysed in detail, as to a^^pear to be wholly 
untenable. 

Of course, it is not asserted that the agencies just named have no 
influence on the course and activity of the vital functions. The 
influence of food-taking on the pulse-rate is most marked, and the 
accelerations thus caused are clearly shewn,* as causing more or 
less disturbance, in the curves- already referred to. The effect of 
muscular exercise on the animal heat is well known to all, and the 
rise of temperature produced in this way can he easily demonstrated 
by the thermometer. The amount of the urinary excretion (both 
fluid and solid) has been proved to depend more on the ingesta 
than on anything else. A careful survey, however, of these in- 
fluences will shew that, potent though they are, they are totally 
inadequate to explain the periodical morning rise and evening fall 
already described. 

1. The influence of the Diumdl range in tfie temperattire of the air 
may at once be disposed of, when we find that in the extended 
observations of Dr. John Davy, on the heat of Bis body in this 
country, the temperature of his room was much higher at mid- 
night than in the morning ; but this did not prevent the usual 
decline of his own temperature in the course of the evening.* 

2. The influence of Daylight has seemed to Dr. Edward Smit^ 
and others to coincide with and to account for the increased energy 
of the vital functions in the morning hours. This, however, has 
been satisfactorily disposed of by Dr. William Ogle. During one 

• Dr. John Davy, Physiological Researches. London, 1863, p. 14 : — 

Arerege. 7-8 a.m. 8-4 p. v. 13p.w. 

Temperature of Bbdy, . . 98*» 74 F. 98** -52 F. 97^ '92 F.. 

Temperature of Room, . . SO^D 64* 7 62" 
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part of ike observations published by him on his own temperaturey 
he arranged to have his window shatters doselj &stened, so as to 
exclude the action of this agency. This step, however, did not 
interfere with the rise of the temperatm*e of the body at the usual 
hour in the morning.^ 

3. The influence of Jfuacul'ar exertioTij if not abolished, was 
reduced to a minimum by having the subjects of observation kept 
all day in bed, in at least some of the cases recorded in my paper on 
the temperature of children^t ^ restriction likewise carried out in 
those observations on the temperature of adults, already quoted 
from Jurgensen. But the course of the temperature, under such 
circumstances, proceeded as usual 

A further confirmation of the increased xHaI activitv in the 
morning, independent of any disturbance from food or exercise, is 
incidentally supplied in the details of an experimental inquiry 
recently communicated by Dr. Parkes to the Royal Society. It 
was found, contrary to expectation, that, although the subject of 
observation was kept absolutely in bed and without fluids or solids 
of any kind till 10 a.m., the quantity of urine secreted from 8 to 
10 always exceeded that secreted during the two preceding hours 
(6 to 8).J 

4. The influence of Food over this daily periodicity can scarcely 
be regarded as very potent, inasmuch as in the observations on 
children, already referred to, the temperature was found to &11 
rapidly after the evening meal, and then, reaching the minimum, to 
rise slowly, and to gain a very high standard before any more food 
was taken. 

Additional confirmation is supplied by finding, as Jiirgensen did, 
that during complete abstinence from food the daily course of the 

* Dr. William Ogle, " On the Diuiud Variations in the Temperature of the 
Human Body in H«dth."— 5f. C^orgeU Hospital Reports, vol i. London, 1866, 
pp. 229, 242. 

t Glasgow Medical Journal^ February, 1869.— Table XUL For two days the 
child was in bed (and had been so for some time), and for the next two days she 
was up and moving about ; the range of temperature was similar. 

X Dr. Parkes, " Further Experiments on the Effect of Diet and Exercise on 
the Elimination of Nitrogen." — Proceedings of Vie Royal Society, March 2, 1871, 
pp. aSl, 352. 

6-8 ▲ K. 8-10 ▲.K. 
Amount of Urine in Cub. Centim 71*65 100*4 

Dr. Parkes supposed the difference to be due to the influence of sleep, as the 
man slept from 6 to 8, but lay in bed awake from 8 to 10. This will be 
considered in the section (5) on sleep. 
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temperature * followed very much the same curve as it did during 
the previous days, with the usual diet.! 

The duration of such starvation observations must of course be 
very limited in the human subject, so that it is perhaps fair, in this 
connection, to adduce the experimental researches of M. Chossat on 
animals. He found that starvation, pushed even to the length of 
causing the death of birds, did not, till quite near the &tal day, 
prevent the temperature of the animals firom rallying each morning 
to near its normal amount from the depression of the previous 
night. The effect of starvation increased the amount of the usual 
depression at night, so that the daily rise every morning became 
all the more remarkable, as an evidence of its being due, under 
ordinary circumstances, to something else than the morning meal4 

5. The influence of Sleep has been supposed to account for the 
difference between the average hourly quantity of urine secreted 
during, the night and that secreted in the waking state, before 
breakfast. When, however, we consider that observations shew a 
gradual increase in the temperature and pulse-rate during the 
morning hours of sleep, it seems very doubtful whether this 
opinion can stand its ground. In the case both of the pulse and of 
the temperature (which are more within the reach of hourly obser- 
vation), the diminution is 'seen to begin long before sleep occurs; 
and, in Dr. Edward Smith's observations on himself^ the pulse-rate 
went down and kept down during the night, although he was then 
awake and engaged in making his hourly notes. The gradual rise 
of the temperature and the pulse-rate during sleep (as shewn in the 
observations on children, already quoted), taken along with the 

* The observations were made on the same subject, as in the case of Diagram 
No. 3, and took place on the following day, viz., September 22. (See Tables 
V. and VI. of Jurgensen's paper.^ 

t See also Dr. Edward Smith, Med.'Cliir. Tram,, voL xxxix., p. 49. — Speaking 
of the polse-raie daring fasting, he says — ** There was a manifest disposition 
in the pulse to rise at the customary hours of its rising, although in the absence 
of any usual cause for that rise. This was at the usual meal hours, as seen 
in every case. " 

Dr. Sydney Binger's experiments seem to have negatived the idea of the 
diurnal variations being due to the food eaten. — Pr(K. Boyal Soqf., February 11, 
1869. 

X M. Chossat, JSecherches ExpSrimeniales sur rinanilion. Paris, 1843. 

rr u XT flo \ Ordinary diet.— Average tempera- ) Mid-Day. Mid-Nlglrt. 
Tab. No. 63. I ^ J „, y,. Birds. . .1 42-22 C. 41-48 C. 

Tab. Ko. 69, j Complete abstinence. — Average, ) 4i»-7o C 38* '42 C. 
and 72, ( omitting the last day of life, . . ) 
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above ikkcts, seems to negBtive concHasiTel j the inflnenoe of sleep as 
the cause of these periodica] phenomena.* 

A critical examination of the potent infinenoes just enumerated 
seems to leare the periodicity in qnestion unexplained, and, indeed, 
to bring out, in even great'Cr relief^ the rhythmical rise and fall of 
the vital functions dav afber dav. 

But there is another way to judge of this matter, vizL — ^not by the 
exaltation and diminution of the vital energies, but by their cessa- 
tion. The question of the influence of the time of day in relation 
to Death has long engaged both popular and professional attention, 
and it has now been put on a satisfactofy basis by the researches of 
Dr. Schneider and others on the Continent, and of Mr. West 
Watson in this country. Dr. Schneider tabulated the deaths in 
Berlin for five years, representing some 57,CKX) case^ and Mr. 
Watson tabulated 13,(KK) deaths, occurring in Glasgow in 1865, 
aooording to the hour at which they were reported as having taken 
place. 

A striking feature in both tables, but one which seems, if we 
might so say, quite accidental in its character, is the high number 
of deaths recorded for 11 to 13 p.m., and the equally striking 
paucity for the succeeding hour, 12 p.m. to 1 a.m. When, however, 
these two sets of figures are put together, they mutually destroy 
tbe exceptional character given to the two hours in question. 

Doubtless the explanation lies not in any special difference as 
regards the occurrence of deaths at the one hour, as compared with 
the other (a difference which seems alt<^etht-r too abrupt and 
artificial to be in accordance with the gradual methods of nature), 
but in the difficulty arising from these two hours forming the 
border line of two separate day& The natural tendency is to avoid, 
if possible, the uncertainty and ambiguity which attaches (in this 
country at least) to speaking of an occurrence as happening, for 
example, at a quarter-past twelve this morning. The determination 
of the exact time of death is usually so much surrounded by un- 
certainties, from scientific, chronometric, and emotional causes, as to 
leave great room for variation to the extent of half an hour one way 
or another. 

Ignoring, therefore, this sudden discrepancy between the last and 

* V. BaercnspnxDg (whoee accurmcy is m31 known) seems also to luive arrived 
at thiB oonclnmon. The influence of dinner and sleep is, he saj^ only apparent. 
The temperature sinks, although we do not go to sleep, and sleeping during the 
day does not alter it It rises at dinner-time, although the hour of eating is 
put oS.^MuUerB Archiv. Berlin, ISai, p. 163. 
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Dr Finlayson on the Daily Periodicity in Vital Functions of Man. 9 

the first hour of the day, as attributable rather to moral causes than 
indicative of any actual fact, we find that the death curve (Diagram 
No. 6), shews an unmistakable maximum, gradually reached and 
consistently maintained, from 3 to 9 a. M., according to Schneider, and 
from 4 to 10 A.M., according to Watson.* 

This maximum, indeed, is the only other peculiarity of much 
note. The period named, however, has been shewn to form a 
critical epoch in the various curves already discussed, being, in fact, 
the time of transition from the minimum of depression to the morn- 
ing rise, which ushers in the period of maximum vitality. Hence 
we may either say, that the period of minimum vital energy, which 
exists during the first few hours after midnight, being deepened and 
perhaps prolonged, coincides with the summit of the death curve ;t 
or, phrasing it otherwise, that the time having arrived for a fresh 
rallying of the vital energies for a new day, the dying are found to 
be unable to respond to the call, and so they perish in greatest 
numbers at the very hours in which the living are manifesting in 
every way a renewed vigour. 

I might conclude with this crowning proof of the periodical 
influence at work in our daily life, but I venture to make a sug- 
gestion which, apart from any value it may possess as an explanation 
of the physiological cause of the phenomena, may serve at least to 
indicate the direction for further research. 

It has occurred to many that in these periodical phenomena we 
have to do with a question of Habit. We are all familiar with the 
infiuence of Habit as connected with tendencies at certain hours to 
hunger and sleep. The infiuence of Habit in this respect is readily 
shewn by the changes which become developed from alterations in 
the hours of our daily meals and our nightly rest. It might be 
supposed that if this were the explanation, the periodical tendency 
would be slowly acquired, and would be developed in greatest force 
in later life. If, as seems fair, we may judge of the whole question 
from the temperature, it must be admitted that the periodical or 
daily range is greater, and is indeed better marked, in youth than 

♦ Dr. C. F. Schneider, Ein Beitrag zur ErmitUlung der SlerhlkhkeUs-VerhilU' 
fus9e in Berlin nach den Tageseeiten, Virchou^a Archiv., bd. 16. Berlin, 1859. 

William West Watson, Report upon the Vital, Social^ and Economical Statistics 
of Glasgow for 1805. Glasgow, 1866, Part I., p. 20. 

t Dr. Mnrchison recognises this as one of the many dangers of Fever ; and in 
his 'directions regarding food and stimnlants, he says, " For it is usually in the 
early morning that the vital processes are at the lowest ebb.*' — TrecUise on Con-' 
^nued Fevers, 2nd ed. London, 1873, p. 290. 
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* r, BaeraDspnmg gives the fdHowmz arenj^s. — MaStTf A rchir, Bfrii-n,, 1 S51. 
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Recurring to the question of Habit as affecting children, it may 
perhaps be questioned whether their exceeding susceptibility in this 
respect may not counterbalance the limited duration of the oper- 
ation of Habit in their case. The power of Habit, like the tendency 
to Imitation, is well known to have a marveUous influence over the 
young. But in view of the increasing importance attributed in 
recent times to the transmission of Habits, and of functional and 
organic peculiarities firom generation to generation,* it may be held 
for certain that the child does not come into the world with all 
its Habits to be acquired. 

The orderly succession of Day and Night, inviting the human 
organism, in the most natural and varied manner, to alternations of 
energy and repose during countless generations, may well predispose 
the vital powers of the infant constitution to assume a daily periodical 
rhythm when once it begins to enter on a moi-e separate existence 
than can be accorded to the utter dependence of the newly-born. 

"We may thus — through complex agencies and the subtle influence 
of Habit, whether hereditary or acquired — connect, as seems most 
meet, our daily period of depression with the darkness and repose 
of night, and the daily revival of our vital powers with the •* glorious 
birth " of each new day. 



Discussion on Dr. Finlayson's Paper. 

Dr. Muirhead, Cambuslang, who said he had had the pleasure 
of perusing Dr. Finlayson's MS. some days ago, offered the following 
remarks :— - 

Dr. Finlayson, in his concise and instructive paper, shews that 
the pulse, the temperature, and the solids of the urine all exhibit a 

mittent fever (in typhoid fever or in influenza, for instance), the exacerbations 
occnrring in the morning, and the remissions in the evening — individual peculi- 
arities which at least sometimes result from the habits and mode of life of the 
patient — when, during health, they have slept by day and worked by night '(as 
bakers do, for example)," pp. 235, 236. 

• See Dr. Carpenter's Physiology, 7th ed. London, 1869, pp. 860-S64, and 
footnotes ; also, especially Dr. Carpenter's three articles in the Contemporary 
Review, " On the Hereditary Transmission of Psychical Habits," January, 
April, and May, 1873. The following sentence, quoted at p. 783, from Mr. 
Darwiu, regarding Winking, indicates the tenor of the argument so far as 
concerns our present purpose : — '* And, from what we know of inheritance, there 
is nothing improbable in the transmission of a habit to the offspring at an earlier 
age than that at which it was first acquired by the parents." 
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well-marked daily range of variation. It seems to me that the 
latter two of these phenomena must, to a considerable extent, be 
dependent on, and the result of, the first of them. At least, that just 
as the blood is sent faster through the system, so will occur a rise 
in the temperature, a more rapid using up of the materials con- 
sumed in vital processes, with a quicker conveyance of the effete 
products to the excretory apparatus in the kidneys. So that, for 
general purposes, we may reckon that in a healthy individual the 
rate of the temperature and the amount of the excreta, whether 
from the skin, the lungs, or the kidneys, will come and go with tbe 
rise and fall of the pulse-rate. For the pulse is an admirable index 
of the activities of the system which it pervades. Of course, I am 
here disregarding such temporarily disturbing agencies as external 
heat, the passage of unassimilated ingesta into the circulation, or 
absence of muscular locomotion. 

Let me explain that I mean by all the activities, all mental and 
physical actings, as thinking, talking, gesticulating, moving tbe 
limbs and voluntary muscles (activities induced by contact with the 
world around us) — all internal motions which are mainly concerned 
in nutritive and depurating processes. All these actings consume 
the plasma and tissues of the body. These materials, containing a 
very large amount of motion in a latent form, are either, by being 
oxidised or otherwise chemically altered, made to part with a very 
considerable portion of the intermolecular motion, which psisses 
into anything we move meclianically ; or not so passing, shews as 
sensible heat^ and gets out of the system either in a radiating man- 
ner with either units, or convectivdy with other more weighty excreta. 
Food furnishes the I'aw material from which real food is elaborated 
by the digesting and assimilating processes. This sifted and pre- 
pared organic matter replaces the organic matter used up by the 
various activities of the system. The using up of this material is 
the sole source of the motions of the living body, and of its heat 
(another form of motion). They can only be produced in the body 
from food and air introduced into it, and chemically altered by 
oxidation or otherwise. The excreta of the body, whether in the 
form of heat, mechanical motion, or other products, are all the 
results of these alterations. 

Such being, I presume, a pretty fair statement of the case, then, I 
think, what we really want to find out is, simply, what is the cause 
of the daily variation of the pulse-rate 1 — the other two following 
merely, or mainly, as products, varying as it varies. 

Well, then, disregarding for present purposes the disturbing 
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influence of irregularities in the incidencies of light and heat, of 
ingesta, which may be cold water, hot tea, alcoholic beverages, 
vegetable or animal foods, or even starvation or muscular inactivity 
for some time, let us inquire, what have been the general habits of 
our forefathers for, say, one hundred generations back, and what the 
average influences which these habits have had on our race during 
that period of time, so far as they aflect the question at issue 1 I 
imagine that after a night-sleep men generally awoke between five 
and seven in the morning, or near one of these hours ; that then 
mental and physical exercises were commenced, and continued more 
or less for sixteen hours or so per day — children requiring more 
sleep than adults ; that these exercises necessitated the takyig of 
food to supply the system with the materials spent through the per- 
formance of the functions of the living body ; and that the propellers 
of the blood were, and are, the active agents in carrying the materials 
poured into it to the different organs of the body — yea, even to those 
organs which prepare and pour the new materials into their own 
circulating contents. Thus engaged, these propellers partake of the 
general animation which comes to pervade the system with the 
awakening of consciousness and voluntary activity every morning — 
consciousness being the reflex actions excited in the brain by inti- 
mations sent in through the sensul nerves from things around us, 
with remembrances of these and other operations of the mind. 

"Well, the awakening of consciousness, and the renewed activity 
consequent thereon, are shewn in the increasing pulse-rate — helped, 
of course, by food supplied to replace departing energies — till 
towards evening the jaded system and the propelling agencies, as 
part of that system, iio longer respond to the usual stimuli with 
the same degree of freshness, or accumulated energy, which, together 
with the absence of the action of external stimuli when sleep super- 
venes at night, introduce a state of things where the reacting 
organic activities are at their lowest, and are evidenced to us to be 
so by the minimum rate of pulsations. Whether reorganisation 
» proceeds faster during sleeping or waking hours, or equally, I can- 
not say, but generally during the day the expenditure of energy is 
greater than its regeneration ; while during sound sleep, its regenera- 
tion is greater than its expenditure. So that in the morning man 
starts re-invigorated and fresh — ^that is, with a store of accumulated 
vital materials similar to those used up the preceding day, usually 
getting a fillip from each meal; for each, independently of its 
usually containing some little diflusible stimulant, as heat or alcohol, 
operates also by exciting the stomach to renewed action, and so 
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reacts on the circulating agencies, as all excitants do, whether 
mental or physical. 

Such, then, I take to have been the general daily routine gone 
through by the vital functions or organs of our race for numberless 
generations ; and we see still that the energies of the tired-out 
system, re-invigorated by the quiet action of the assimilating organs 
during undisturbed sleep, respond freshly to stimuli during the first 
half of the usual waking hours. Then they get to flag more and 
more, as night draws on, although, like those of a jaded horse, they 
may be occasionally supplemented by diflusible stimuli, or stung 
into spasmodic action by whip and spur, only to exhaust the system 
to a still greater degree. But leaving aside these accidents as of no 
great moment in the general average of routine, we see that when 
the energies of the system are tired out, and the excitements from 
external agencies are nearly wholly absent in sound sleep at night, 
the pulse is at its minimum rate ; but not entirely quiescent, for 
regenerating agencies are still at work,, and vital energy is being 
formed, and accumulated, more and more towards morning, ready to 
respond to stimuli so soon as the habits of the luce, modified by the 
habits of the individual, awaken, the latter to renewed consciousness 
and muscular activity. 

Such, then, I say, I take to be the cycle of variations, the daily 
rhythm, as it were, which we inherit from a long line of ancestors, 
however disturbed by occasionally varying contingencies. Dr. 
Finlayson has very distinctly alluded to this view in his concluding 
remarks, but he has not brought it quite so prominently forward 
as I have endeavoured to do, and which I think its importance 
demands, especially in a Society calling itself Philosophical. I 
may add, that the daily periodicity of the pulse-rate and its associated 
phenomena indicate very plainly that man is a diurnal, and not a 
nocturnal animal.* That is to say, his activities are in general 
largely developed during the day-time, leading more or less to 
exhaustion towards evening, when sleep supervenes ; and that then 
the organism, whose vital energies have been largely drawn upon, 
is quietly pennitted to lay up accumulated stores for the coming 
day; the pulse-rate (in a healthy individual), as Dr. F. has shewn, 

* It occurs to me, that as the hour varies with the longitude, if we were to 
examine the pulses of persons coming to Britain from the far East and from t&e 
far West, or ask competent authorities in Asia, America, and Australia to note 
those of emigrants from Europe, the effects of the change of semi-diurnal habits 
might be more easily and much more distinctly traced than in bakers and miners 
in this country. The pulses of nocturnal animals might also be investigated. 
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very generally indicating the sum of the activities at work in tlie 
system, and so of the excreta given out in the form of work, heat, 
and other more ponderable matters. 

One remark in reference to the rise in the curve of the death-rate 
from midnight to 5 a.m. In addition to the physiological causes 
enumerated by Dr. F., I venture to suggest that, afber a long and 
exhaustive illness, when the lamp of life is feebly fluttering, and 
all but expiring, it may depend on the proper administration of 
cordials whether or not life will be prolonged. Human nature is 
sometimes frail, and, in addition, is sometimes faulty. During the 
watches of the night, from the first or from both causes, stimu- 
lants may not be administered, which might have kept the flutter- 
ing flame alive, at least until afber five o'clock. We see that the 
death-rate increases from midnight till that hour, a period when 
probably, in most cases of the kind alluded to, stimulants will be 
administered. 

Dr. Morton — I may state that I have a recollection of reading 
on this matter, some thirty years ago, with results stated very much 
like those that we have now heard. But I do not think those we 
have now listened to are the less valuable on that account. They 
point out researches made by men in more modem times, and 
perhaps with better appliances, which indicate the same results as 
were got then. 

There is only one thing I would like to mention, or rather to 
recommend, to those who pursue this study, and that is, a compari- 
son of temperatures in the air. There can be no doubt there is a 
great deal to be said in regard to our mode of living. But I think 
we might follow out the researches necessary, by trying the effect 
of placing ourselves in various circumstances, say, by going down 
a coal-pit, and making observations there. My object in making 
that observation is, to point out that we would there, at least, 
get rid of the effects of light to a great extent, and to that is 
attributed a great deal of the effect.. So much have some medical 
philosophers been taken with this idea of the effect of light, that 
they have actually founded a system of treatment on it. They 
carried this so far as to expose weak, scrofiilous children to the 
direct rays of the sun, in a nude state, for a lengthened period of 
time, so as to produce an effect on the system. There is another 
direction in which researches might be carried, and that is, as they 
are still making efforts to reach the North Pole, we might get 
observations made there for a period of two or three months when. 
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the sun is not seen. I don't mean to say there are no effects from 
the sun there^ but its effects are reduced to a minimum. 

Dr. Eben. Watson said — The subject has been brought before 
us very well, and in a very interesting manner, by Dr. Finlayson. 
It is a very difflealt subject, let me say in starting. It is not 
a subject that can be jumped into, or jumped over, but it is 
one requiring very careful study. I must say I feel a great 
difficulty myself in speaking upon it at all to-night. I can hardly 
presume io follow Dr. Finlayson in his paper, and in the many 
points he has started, which, I am not ashamed to say, are to my- 
self in some degree new. I don't think the observations of Dr. 
John Davy are such as at all meet the poiuts raised in the paper 
read to us to-night; and I would also make it as another remark 
— ^that it is well known, and has long been known — that external 
temperature has very little to do with the temperature of the 
body. I would also say, that I quite agree with Dr. Finlayson, 
that the pulse-rate and the degree of temperature must always 
be somewhat similar. And I think he is also right in taking 
the secretion of urine as another measure of vital changes. He 
has gone somewhat beyond others who have preceded him in 
these investigations, by pointing out so distinctly that there is 
a diurnal range in all these changes. Dr. Finlayson brought 
us first to the consideration of this question as a matter of 
fact. He quite refrained from theorising on the subject. Now, is 
it a fact, or is it noti I think we must agree that there is a 
diurnal rise and fall in the performance of some of the functions in 
the human body. We come next to the very interesting inquiry 
of the cause. Dr. Finlayson did not inquire into the cause formally; 
but this is a very important point, and one to which he drew 
attention in the latter part of his paper, though very shortly, and 
not quite so systematically as in regard to tlie fact. I think, in 
discussing this, we must go into the theory of the cause of animal 
heat, especially in the human body, and we shall then find that it 
is closely connected '^dth the minute changes in all the tissues in 
which their nutrition consists, and that it does not exactly depend 
so much upon the greater operations of the economy, such as 
digestion or excretions. The minute changes to which I refer 
are those which take pjace in the tissues themselves, and which 
consist essentially of the oxidation of their used-up carbon. 
Thus, carbonic acid is formed, which is conveyed in the blood 
to be exhaled at the lungs along with the other forms of car- 
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bon, such as fkt and sugar, which are also carried by the blood, 
and are oxidised in the lungs themselves. These two sources of 
carbonic acid, or, in other words, these two sources of fuel for 
combustion in the body, are, in my opinion, the chief, but perhaps 
not the only causes of its animal heat. Now, it is very strange 
that there should be a diurnal variation in the amount of carbon 
sent to the lungs for combustion and exhalation; but so it would 
ap}>ear there is, from the paper just read. I shall not dogmatise 
upon the possible cause of this, but I would suggest that it may be 
due to the vitality of the tissues which, in ordinary phraseology, 
can be worn out as well as that of our muscular system, of which 
we are now sensible. Hence it may be that, after performing their 
function of nutrition for a certain time, they cease to do so, at least 
with the same vigour and to the same extent; and as all the 
functions of the body are mutually dependent, so our waking time 
being that in which we take food and exercise, is necessarily that 
likewise in which the formation of carbonic acid, and therefore the 
temperature, is greatest, while, for obvious reasons, both are dimi- 
nished during rest. The only want which I felt in Dr. Finlayson's 
paper was, that he did not sufficiently refer to respiration. Pro- 
bably the reason *of this was, that he did not quite formally enter 
upon the cause of animal heat. I think we are indebted to Dr. 
Finlayson for having called the attention of the Society to this 
subject; and I make these remarks, more to indicate my sense of 
the importance of the paper, than by way of adding to the communi- 
cation which has been made to us. I would simply conclude by 
expressing my thanks to Dr. Finlayson, and my appreciation of his 
paper. 

Mr. J. J. Coleman, F.C.S. — ^Although the question is compli- 
cated when the body is in motion, when the body is at rest its 
temperature must be due to the chemical changes occurring in the 
system. The rapidity of these changes, and consequently the heat 
produced, corresponds with the pulse-rate, as shewn in the diagrams. 
It is well acknowledged by physiologists that we do not understand 
the real nature of vital forces, and that they have an important 
bearing upon the chemical point of the question. It appears to me 
that the nervous energy which causes the increase of the activity 
of the circulation (as denoted by the pulse) is gradually acquired 
during the repose of the system in sleep. During the daytime, 
nervous force is expended in emotional and other forms of nervous 
excitement. In many cases of emotional excitement, it is extT^m^Vj 
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difficult sometimes even to take or digest food, and therefore the 
nervous system has an important effect upon the chemical changes 
which are occurring in the body, as it has been observed that the 
pulse-rate is an indication of the variations in temperature occurring 
in the body. 

Dr. Finlayson — In regard to the peculiarities connected with 
the number of deaths occurring between eleven and twelve at nighty 
as compared with those occurring between twelve and one in the 
morning, it might interest the members to know that in one of the 
large institutions in this city he had found, on tabulating the 
deaths, a similar perturbation, but exactly reversed as regards the 
two houi-s in question — thus confiiming the guess he had made 
as to the accidental cause of this difference. He should mention 
that this was ascertained after the paper had been written. 



II. — On the Analysis and Purification of Water, By Gustav 
BiscHOF, Professor of Technical Chemistry at the Andersonian 
University, Glasgow. 



[Read before Chemical Section, on 8th December, 1873.] 



Considering the conflicting evidence we have at present regarding 
Frankland and Armstrong's method of water analysis,* it^ppeared 
to me desirable to test this method in several ways, in some of 
which it has not yet, as far as I am aware, been tested. 

I divided the method into three stages — Xst, The measurement 
of the gases; 27id, The combustion of the residue; 3nf. The evapora- 
tion of the water. The accuracy of each of these stages was tested 
separately, in order to ascertain to which stage any inaccuracies 
might be due. 

1. Pure carbon, dioxide, and nitrogen were mixed at about the 
same ratio at which they occur in water. The mixture of gases 

• For a complete description of the apparatus employed, see T. £. Thorpe, 
QuantUcUive Chemical AnalyaU, p. 305; or F. Sntton, Volumetric AnalygU, 
p. 264. 
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"was determined repeatedly, all the reagents being introduced into 
the laboratory vessel which are required for an analysis. Such 
quantities of carbon and nitrogen as occur in pure water could 
readily be measured to within 0*69 per cent, of the actual quantity 
present. There was only one unaccountable exception to this rule 
amongst a large number of measurements. When measuring 0*76 
C. C. of the mixture, I found 93*58 per cent, of carbon and 6*42 of 
nitrogen, instead of 89*02 carbon and 10*98 nitrogen. My first 
supposition, that this might be due to an absorption of the nitrogen, 
perhaps by an unusually large proportion of the reagents added, 
had to be abandoned; for, after leaving 0*08 C. C. of nitrogen in 
contact over night with a large excess of the reagents, its volume 
remained perfectly unaltered. I therefore feel strongly inclined to 
attribute the one incorrect result to an error in reading off the 
divisions of the measuring tubes. 

However, I found that it is of consequence in measuring very 
small quantities of gas, whether the solution of the reagents be 
allowed to pass more or less into the horizontal thermometer tube 
connecting the laboratory vessel with the measuring tubes, and that it 
makes a considerable difference if the gas be passed in one instance 
to the right, and in another to the left side of the first stop-cock, 
especially if the bore of the thermometer tube does not remain 
equal throughout, but bulges out, which is sometimes the case 
in apparatus constructed without due care. As it is difficult to 
stop the inflow always at exactly the sRme place, a few gradua- 
tions on the horizontal tube might allow for a correction in the 
case of very small volumes of gases. 

In measuring gases resulting from combustions, carbon monoxide 
is, according to my experience, more frequently present than might 
be expected from Sutton's description, and I therefore always test 
for this gas. 

The gas resulting from the combustion of the residue of evapo- 
ration of an impure water was next divided into several portions, 
which were unexceptionally determined with the greatest accuracy, 
as was evident from the relative proportion of carbon and nitrogen 
obtained. 

A different and, in my opinion, more convenient pipette than 
that used by Dr. Frankland has been introduced by Dr. William 
Eamsay, one of my assistants, for transferring the liquid reagents 
into the laboratory vessel. This consists of a glass tube of say 
5 MM. internal diameter, drawn out into two capillary tubes 
30 to 40 MM. distant from each other, as will be understood 
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from fig. 1. One of the capillary tubes is bent round in tHe shape 
of letter U. If a liquid be sucked up through the straight 
capillary tube into the enlarged tube, and then the bent tube 
introduced into the inner side of the laboratory vessel, but 
above the level of the mercury in the trough, the liquid passes 
into the laboratory vessel. The smallest quantities may 
thus be passed in, as the inflow is at once stopped if the 
lower end of the pipette be depressed below the level of the 
mercury in the trough. The straight end of the pipette is 

U conveniently passed through a cork, when it may be kept in 
the bottle containing the reagent, 
p. J 2. I make the copper spirals, which are used in the 
i Nat ^nibustion tube, by winding evenly fine copper wire round 

s**** a central wire, and I prefer having this, as also the copper 
oxide, tight in the combustion tube. As the latter might choke, 
I always let a drop of water fall on to the sealed end of the com- 
bustion tube after the combustion has been finished and the test 
tube containing the gas removed. The filing of the mercury in 
the delivery tube of the air-pump at once indicates if the combus- 
tion tube was not choked. However fine and tight the copper 
oxide, a choking takes place very rarely. 

The experiments regarding the combustion of water residues 
were hitherto confined to dividing residues obtained by the evapora- 
tion of impure waters int^ several portions, whicli were separately 
burnt, the resulting gases being also separately measured. Tlie 
results thus obtained were very close, shewing that a remarkable 
conformity is obtainable by the combustion of like samples. 

3. Like quantities of Loch Katrine water were evaporated 
under the same and under different conditions as to temperature, 
but always under the glass shades. The residues were burnt and 
measured separately. I think I may conclude, from the results 
thus obtained, that the temperature and the time allowed for 
evaporating the water is of consequence, inasmuch as a rather 
larger proportion of organic nitrogen is obtained, if the evaporation 
be finished in a comparatively short time — say, a litre in eighteen 
to twenty hours — than if, at a lower temperature, five or six days be 
allowed. This might, perhaps, be due to a fermentation setting in 
and altering the nitrogenoas organic matter. The sulphuroiis acid, 
which acts as an antiseptic, is, in Dr. Frankland's and also in my 
laboratory, only added to the contents of the flask in which the 
sample is boiled and kept, but not to the contents of the evaporat- 
ing dish. Hence, if the contents of the dish be repeatedly exposed 
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for a long time to ft temperature of say 50' to 60° C, the Bulphurona 
acid may be driven off, and fermentation set in during port of 
that time. 

However this may be, it appeared to me desirable to accelerate tb« 
evaporation aa much as possible, and to render the gradual addition 
of now portions of the sample to be evaporated self-acting. I had 
fiirther in view that the evaporation should be finished more 
uniformly as to time than hitherto attainable in my laboratory, and 
that the whole arrangement should be more easily accessible to all 
chemists than the arrangement which is at present in use at the 
Jtivera' Commission Laboratory in London. To this end I place on 
to the copper dish, a a (fig. 2), in which the glass dish, 6 6, is heated, 
a copper ring, e e, 80 uu. high, provided on its top with a 
slightly inclined rim of the same diameter as that of the copper 
dish, BO that the glass shade, d, may rest on either. The self- 




Fig. 2:-t N«t. Siza 
filtering apparatus consists of a flask, e, with rounded bottom, of 
rather more than one litre capacity, the neck of which is ground so 
accurately into the enlarged end of a glass tube,/, of about 8 hh. 
internal diameter, as to be water-tight without the use of grease. 
The tube close to the enlarged end is bent at an angle of about 
120'. The other end of the tube, which is formed by one of the 
usual self- filtering ammgementB, g, is s^am ^xsn.^ wi -«& \o ^A 
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parallel with the enlarged end of the tube. The water and 
sulphurous acid having been introduced into the flask, the tube is 
attached, the apparatus inverted and introduced through a slit in 
the top of the copper ring into the glass dish, without, however, 
touching its bottom. The slit should be so deep that the glass 
shade does not quite touch the glass tube. 

I employ glass dishes of 150 mm. diameter. When the litre 
flask is nearly empty, the copper ring and self-filtering apparatus 
are taken ofl*, after allowing the last portions of water to i*un into 
the glass dish, and the glass cover is placed directly on the copper 
dish. The copper dish, which rests on a Griffin's gas furnace, is 
heated by means of a Bunsen burner, the temperature being re- 
gulated by the Bunsen-Kemp gas regulator, as modified by me 
(Fresenius, Zeitschrift^ x., p. 442). The copper dish is half-filled 
with pure distilled water, and the temperature so regulated that 
the water is kept in a state of very gentle ebullition, the excess of 
the condensed water running off through a syphon-tube, A, attached 
to the copper dish. The evaporation of a litre of water may by 
these means easily be finished in sixteen to eighteen hours. 

The next questions to which my attention will be directed are — 
the action of any free acid formed during the evaporation on organic 
matter, the elimination of nitrates and nitrites during the evapora- 
tion, and whether the results are reliable when determining the 
minute quantities of organic impurities which occur in compara- 
tively pure -waters. Other questions will probably suggest them- 
selves in the course of these experiments. As water analysis is 
such a very important branch of our laboratory work, I hope I shall 
be permitted to lay the results arrived at before the Society at some 
future meeting. 

In conclusion, one of the spongy iron water filters, referred to at 
page 370 of the Proceedings, 1872-73, was exhibited and explained. 
One of these filters has now been in constant action in London for 
three and a half months, filtering the water supplied by the Chelsea 
Water Company. The analytical results shew that the purifying 
action of the spongy iron has not in the least been decreased during 
that time, and the hardness of the water is still reduced to nearly 
one-half. This experiment is being continued ; but it may be 
pointed out that animal charcoal, probably the best filtering 
material hitherto known, frequently shews signs of decomposition 
after three months' use, and then contaminates the water. The 
purifying action of spongy iron appears, therefore, to be also, in this 
respect, superior to that of animal charcoal. 
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III. — On Water Supply, By Stevenson Macadam, Ph.D., F.RS.E., 
F.C.S., Lecturer on Chemistry, Edinburgh. 



[Read before the Society, on 21st January,- 1874.] 



The primary uses of water are for drinking, cooking, and washing. 
So far as drinking and cooking — dietetic — purposes are concerned, 
the quantity of water absolutely required is comparatively small, 
probably a gallon a head might suffice, and the amount necessary 
for personal ablutions might be reduced to another gallon, being 
for primary purposes, in primitive fashion, two gallons a head per 
day. But the cleansing of clothes and of furniture, as well as the 
floors, walls, and stairs of houses, necessitates a much larger supply. 
Even the smallest house, with its modicum of farniture, and the 
scantiest of clothing, makes large demands upon water. Still more 
so, when the tendency of the present age is for all classes to live 
better than their forefathers — ^to have more roomy and airy houses, 
and to use more underclothing, and have more change of such, each 
necessitating more consumpt of water for their thorough and effi- 
cient cleansing. Even personal ablutions, as they ought to be 
carried out, by the periodic cleansing of the whole body in baths, 
where such are available, and in tubs, where baths are too great 
luxuries, demand an increasing supply of water. And then our 
plan of drainage and sewerage, coupled with the water-closet system. 
Las formidable and earnest claims upon quantity of water for the 
removal of impurities, not only from our houses into the sewers, 
but even more so from the sewers themselves. 

It may be a question whether the water system for the removal of 
night-soil and other impurities is a correct one, as now carried out. 
I have grave doubts about it, unless quantity of water can be ensured 
at all times. The condition of the sewers in towns — ^built piecemeal 
as they are — is certainly not the best. Accumulations of foetid 
matter are common in these underground tunnels, evolving perni- 
cious gases, which permeate our house-drains and contaminate the air 
of our rooms. Means ought to be at hand for the weekly flushing 
of sewers, so as to remove depositing, putrefying matter, and thus 
ensure mechanical cleansing. But equally important as a sister aid 
is the constant small run of water through sewers, which leads to 
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chemical cleansing; for the 'water contains gases in solution, of 
which oxygen is one, and while flowing over deposited matter, or 
even over the foul bottom of the sewer, the dissolved oxygen bums 
up or oxidises the noxious gases evolved, and thus removes these 
from our drains and sewers. I have little faith in the separate 
system of drains. At present there is a chance of flushing by 
rainfall, and the consequent removal of foul matters; but by the 
separate system of conduits, such periodic flushing will be practi- 
cally lost. Still less have I faith in the water-closet system intro- 
duced into small houses. It is an element of danger at any time, 
and where little care is taken, becomes highly dangerous. Much 
better to retain and amplify the present privy system, or adopt the 
Liverpool method of tank closets in the yards attached to each 
tenement, or the mor^ troublesome, but certainly less dangerous 
system of the earth- closet for each land of houses. 

The rapid progress of the arts and manufactures likewise demands 
an increasing supply of water. In Glasgow the question of the 
quantity of water required per head has been practically solved by 
the use of fully fifty gallons per head per day ; and in Edinburgh, 
the better houses are found to consume fully sixty gallons per head 
per day. 

1. Quality of Water, 

All natural waters contain more or less saline ingredients, and 
all possess a greater or less amount of organic matter, besides gases, 
in solution. Neither the saline nor the organic matters are neces- 
sarily impurities. They may be the natural constituents of whole- 
some waters. The saline matters are principally carbonate of lime 
(chalk), sulphate of lime (stucco), and chloride of sodium (common 
salt), with a small proportion of magnesium compounds. The 
organic matter is of vegetable origin, and is not putrescent. Certain 
saline matters may, however, render waters unsuitable for primary 
uses, as hydrosulphuric acid (sulphuretted hydrogen), which is 
present in sulphureous waters, and the carbonate and sulphate 
of iron, which are found in chalybeate waters. Even excessive 
proportions of the ordinary constituents communicate undesirable 
properties upon water, as much carbonate and sulphate of lime 
constitute unduly hard or calcareous waters, and much chloride of 
calcium and chloride of sodium yield saline purging springs. As a 
general rule, the larger the pi'oportion of saline matter, the greater 
the degree of hardness. For cleansing purposes there is a decided 
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disadvantage in hard water. It necessitates more or less waste of 
soda and soap. Independently of that, for personal ablutions soft 
water is much more agreeable and effective. For cooking purposes 
a comparatively soft water is advantageous. It is more effective in 
extracting the nutrient value in infusions and extracts, such as tea, 
coffee, soups, etc. Hard waters are positively a hindrance in cook- 
ing many articles, as insoluble compounds are formed with the lime. 
Besides, hard waters lead to the incrustation of vessels, which 
necessitates extra firing, and a certain risk in the filling up of pipes, 
and the consequent explosion of boilers, etc. For drinking purposes, 
it is of little moment whether the water is hard or soft, provided 
it is palatable, which more depends on the gases dissolved in the 
water than on the saline matters in solution. For instance, hard 
water, when boiled or heated, and then allowed to cool, is very 
mawkish to taste; whilst distilled water, when the distil-serator is 
employed, is in all respects decidedly palatable. 

The large proportion of lime in the ordinary articles of food renders 
it unnecessary that lime should be present in the water supply; 
and, moreover, the lime in water is in the form either of carbonate 
or sulphate of lime, which is not the principal state in which it is 
required for the wants of the animal frame, which makes great 
demands on the phosphate of lime for the building up and susten- 
ance of the bony skeleton. For town supply, a water containing not 
more than 5° of hardness is of first-class quality for all domestic 
purposes. When the degree of hardness ranges between 5** and 10** 
the water is of second-class quality; and when from 10° to 20* of hard- 
ness, the water is of third-class quality. 

The organic matter present in waters may be of various kinds. 
In ordinary, natural, healthy, or wholesome water, the organic 
matter is of vegetable extraction. It may be of a peaty nature, 
when a yellow shade of colour is observable, or of a non-peaty 
character, when the colour is not affected. The average quantity 
of organic matter in water is about two-thirds of a grain in the 
imperial gallon. The colour is very deceptive in this case, for 
the organic constituents are often present in as large quantity 
in colourless as in coloured waters. The presence of lime hinders 
the observance of the colour — due, apparently, to the forma- 
tion of a colourless compound. A water containing much peaty 
matter, when treated with a very small amount of lime, and then 
filtered, becomes quite colourless. The same result takes place 
more slowly when carbonate of lime, in the form of shells or pieces 
of lime rock, are present in the filtering bed. A mixture of the 
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peaty water with a hard water gives rise to a similar decoloration 
of the mixed liquid. 

We must distinctly draw the line between the above or non- 
putrescent organic matter and putrescent organic matter, either 
of vegetable or animal origin. Marshy waters become impreg- 
nated with vegetable matter, which is liable to putrefaction, 
and hence marshy waters do not belong to the same class as those 
tinged with peat. There is a decided difference in the nature and 
proportion of the gases. Animal impregnations, derived either from 
sewage or from highly manured fields, give rise to the most dreaded 
form of contamination, which may, when the entrance of the im- 
purity is direct, be visible to the naked eye ; but when the organic 
matter has percolated through the soil, it may be in part oxidised into 
nitrates, and the water be obtained perfectly clear and sparkling, 
as well as cool and refreshing, and yet be positively unwholesome 
and deadly when partaken of for dietetic purposes. The quantity of 
organic matter dissolved in the waters of the present Edinburgh and 
Glasgow supply is close upon two-thirds of a grain in the imperial 
gallon, and there is practically no difference in the amount furnished 
by each water. This organic matter is entirely non-putrescent. 
Where the peaty matter is much greater in quantity, the organic 
matter may be as much as 1^ grains to 2\ grains in the imperial 
gallon. In waters which are contaminated by the products of 
animal matters derivable from sewage or from highly manured 
fields, the amount of organic matter ranges from 1 to 10 or more 
gi*ains in the imperial gallon. 

The gases dissolved in waters form one of the best guides 
as to the quality of the waters. These gases are mainly car- 
bonic acid, oxygen, and nitrogen. The proportion of carbonic 
acid varies according to hardness when such is derivable from 
carbonates, whilst the relative amounts of oxygen and nitrogen 
should be very nearly as 1 of oxygen to 2 of nitrogen. When 
the water is of a wholesome nature, and the organic matter is non- 
putrescent, then such is the ratio of these gases; but where there is 
putrescence, the oxygen decreases to 1 to 3 or less, which is indica- 
tive of positively unwholesome properties being present in the 
water. For instance, in the course of the inquiry into the condition 
of the Water of Leith, which at the time formed one of the main 
sewage drains of Edinburgh and Leith, I had occasion to make 
many testings, which led to these results ; and the subsequent 
analyses of many hundreds of waters received from all quarters has 
confirmed these conclusions. The gases dissolved in spring, river, 
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and loch waters, are as follows, taking the average results of many 
experiments made on each set of waters : — 

Spring Water. River Water. Loch Water. 
Carbonic Acid, .... 10 5 4| 

Oxygen, 29 30 30^ 

Nitrogen, 61 65 65^ 

In neither water, when kept for months in closed bottles, was 
there any practical difference in the quality of the gases or in any 
other property. The organic matter was, therefore, in all these 
waters of a non-putrescent and wholesome nature. At the same 
time, contact with the air and sunlight has a material influence on 
the organic matter, which is thereby oxidised, and tends to lessen 
in quantity, so that the water becomes more and more colourless 
in course of time. 



2. Vegetable and A nimal Life in Water, 

All waters, when exposed to the air, become more or less impreg- 
nated with organisms. Even spring water which has never seen 
the light of day till it is run into our house-cisterns, very soon 
acquires organisms, especially in the warmer months of the year, 
and in the warmer situations in households. In wholesome natural 
waters impounded in natural or artificial reservoirs or ponds, the 
vegetable growth consists mainly of fresh-water algse, which adhere 
to and grow on stones in the quiescent parts, where there is little 
current, and where the stones do not roll over each other, but are 
stationary. Every highland and lowland loch is an illustration of 
this. Go to Loch Katrine or Loch Lomond, Loch Lubnaig or Loch 
Earn, Lochs Venacher or Achray, Lochs Menteith, Chon, or Ard, or 
any other loch or impounded water, and at all the quiescent parts 
you have the same vegetable growth — the same fresh-water algce. 
"Wherever there is a sheltered spot, and where the wind and the 
waves do not roll stones over each other, there you have vegetable 
growth or algae. The vegetable growth is common to all the stones 
on the shores of natural and artificial lochs and reservoirs, and to 
the more quiet running parts of streams, and is more evidence of 
purity in water than of impurity. 

The animal life visible in fresh waters consists mainly of 
minute organisms, about the size of a pin-head, and which are 
minute crustaceans, principally Daphnia pulex and Cyclops quad- 
rieomis. Of course, at the sides of all lochs and reservoirs you 
can pick up the larvae of insects, water scorpions, and othev 
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aT)ima.1 farms ^Lich live on fihare, Bud irLicli are eqnJiUj found 
in ereiy imponndtwi water and in eveir running stream. The 
BD-called water-fleas, LoireTer, the Dajiknia pulex and the Cydop^ 
quadricomis, are the denizens of the water, and are diBtributed 
throughout the lochs, and are also found in house-dstems. The 
c}XiO}>s is the more common, and seems to a})].»ear earlier in the 
season. In JuDe they are al»undant in ererr fresh-water pond 
and lodL As the month progresses, the dap»hnia becomes abundant. 
In Loc^ Lfomond you will ererrwhere find the cydops, not only at 
the side, but all up the middle of the loch : wherever a bottle is put 
down, the water which is drawn np always brings up some fleas. 
At Loch Katrine, all along the shores, including the region imme- 
diately surrounding the month of the tunnel leading to Glasgow, 
the fleas are }»resent in the watei*, as well as at the piers, and 
throughout the whole length of the loch. You cannot lift a bottle 
of the water without finding the water-flea. In August, more 
vegetable and animal life are to be found evenrwhere in all the 
lochs and reservoirs. 

The water -fleas are extremely delicate oi^ganisma. A very 
little alcohol added to the water kills them; and when the 
water is heated to the temperature of 100^ Fahr., they die at once. 
Any decrease in the amount of the oxygen dissolved in the water 
below the wholesome quantity quickly causes their death. Thus, 
when water containing the fleas is liottled up for a night, the 
majority, if not all, of the fleas will be found dead in the morning. 
Care must be taken to leave the bottles open, so as to ensure the 
continual eration of the water, and thus enable the fleas to have 
the most wholesome of air in solution in the water. Fleas, there- 
fore, are evidence of the purity of waters. They are never found 
in contaminated waters. Not a single flea was observed in the 
whole course of the experimental observations on the Water of 
Leith when containing the sewage of Edinburgh. Any putrescent 
material introduced into the water will influence the quantity of 
gases in solution, and the fleas die by foul air. These remarks 
apply equally to hard and soft waters. In running streams tlie 
fleas are found in all the quiet comers whore the current is reduced 
to a minimum. Filtration through sand and gravel removes the 
greater number of the fleas, but not alL 

In sewage-impregnated waters, such as sirMims and rivers 
iuto which to^'n drainage runs, the vegetable and animal life 
are of a distinct and especial character. The stones in the 
bed of the stream are covered with oflensive oi^ganic growths. 
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liliich are characteristic of waters oonTejing sewage, and ca^»- 
able of deoomposing and eTolving nnirbolesome gases. Indeed^ 
not only are the stones coveted with snch vegetable growths, 
bnt CTerything in the bed of the river, such as arrested por- 
tions of trees, become thickly coated. These growths prinripally 
consist of those low forms of v^etable life which are regarded 
by some naturalists as fnngi, and by others as algae, and they 
are accompanied by masses of animals belonging to the fkmily of 
Vorticellida, including the genera Vorticella, Carchegium, Z'jofham- 
niufnj and Bpistylis. These organic matters are being constantly 
detached from the stones, Ac, on which they grow, and the tom-off 
fragments float down the stream and form part of some deposit in a 
rocky pooL During the spring months the growths are apparently 
stronger, and form longer streamers than during the summer 
months. The temperature of the latter is higher, and facilitates 
dianges, such as the disintegration of the mass. These growths 
appear to be the last stage of organic life which will inhabit foul 
water; but in places where, in the spring, many patches of the 
growth were observed, in summer hardly any was to be noticed- 
This disappearance, in part at least, of the growth is to be attri- 
buted to the more foul state of the water in summer, which leads 
in some places to such a rapid putre£Etction as even to arrest the 
development of this comparatively simple form of organic life. 

The animal life which is specially visible to the naked eye in sewage- 
impregnated streams are worms, which are abundant in many places, 
and are regarded as the last remnant of animal life which will exist 
in water contaminated by sewage. These minute red worms are a 
kind of Nais, belonging to the £Eimily Naidina, and are named 
Tubi/ex rivuhrum. They are found in greater abundance during 
spring than in summer, apparently from the more active putres- 
cence of the sedimentary matter leading in the summer to the 
disengagement of a more frill supply of noxious gases, which even 
these minute worms cannot survive. Abundance of animalculse, 
including the ParamcRciay were found in the Water of Leith at 
all seasons of the year. 

3. Action of Water upon Leafi, 

The common notion that sofr waters act more upon lead than 
hard waters is erroneous. During a very lengthened experience as 
an analyst, I have found many more hard waters which acted upon 
lead than soft waters which did so. A natural water, taken from 
a stream, lake, or spring, and containing the proper kinds of in- 
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gredients — however sofk — has no deleterious action upon lead ; but 
when impurities are present in either hard or soft waters, they 
have a more or less powerful action upon lead. Then the im- 
pregnation of either soft or hard water with sewage products or 
drainings of highly manured land, confers upon the water the 
property of dissolving lead, which is mainly due to the action of 
the nitrate of lime dissolved in the water. A similar result is 
traceable to marshy water, which contains putrescent material; 
but no such action upon lead occurs with waters which have a 
peaty tinge. The late Professor Miller, of Kling's College, London, 
even said that the peaty matter was a preservative against the 
water acting upon the lead; but I scarcely think it necessary to 
consider that such is the case. Hard waters are more likely to be 
contaminated with impurities, because they generally rise in low- 
land districts, where there is a considerable population, which 
directly or indirectly sends sewage into the streams, and where the 
arable land is heavily manured. Soft waters, on the other hand, 
can scarcely be polluted at all, for they generally rise in hilly 
districts, where there is a scattered population and scanty cultiva- 
tion, so that neither sewage nor the drainings of highly-manured 
fields can contaminate them. 

The proper mode of testing the action of water upon lead 
is to proceed to bring the lead and water in contact with each 
other as they would be in ordinary use. The placing of pieces 
of sheet-lead with iresh-cut edges, and often with scraped sur- 
faces, in the water contained in the bottle, is not to be com- 
mended, as the results give an exaggerated notion of the power 
of the water to act upon lead. Indeed, there is no natural water 
which may not in this way be shewn to act so powerfully on lead 
as to be hurtful and poisonous. The proper method of testing the 
action is to bring the water in contact with the lead having its 
natural skin or surface, which is probably a thin film of oxy- 
carbonate of lead. A short length of lead pipe, an inch in diameter, 
with one end beaten close, or a lead cistern soldered in the ordinary 
way, may be employed in the experiments. The pipe or cistern is 
rinsed out with the water to be examined, and the tube or cistern 
is then filled up, and the water allowed to stand in it for at least 
24 hours. In my late experiments I have supplemented those 
smaller trials with a cistern to which there is attached 20 feet of 
lead pipe and a brass stopcock, the whole being soldered and 
fitted together in the same manner as an ordinary house-cistern 
with pipe and cock is constructed. 
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Worldiig, therefore, with the short length of pipe, the small 
cLstem, and the house-cistern and pipe, I find that when the 
lead is fresh and new, the action of good wholesome water 
during the first 24 hours is to the extent of y^ of a grain of 
lead in a gallon of water, which decreases in a week to j^ of a 
grain, even when allowed to stand for three days; and there- 
after the action does not exceed the yj^ of a grain, even when 
the water remains in the cistern. Where the water is run in and 
out, as takes place in daily use in households, the proportion of 
lead in solution becomes infinitesimal, and cannot be recognised 
even by chemical tests. Even at the first, the action is far within 
the limits of safety ; and certednly, when a few days are past, the 
water ceases practically to have any solvent power over the lead. 

A word of caution requires, however, to be given in regard to dirty 
cisterns^ especially when lime falls into them, as a sediment is often • 
found in cisterns which contains much sand and clay accompanied 
by lime, and much carbonate of lead in fine division. Where such 
is the case, the rapid influx of the water may stir up this sediment, 
and cause part of the carbonate of lead to be mechanically diffused 
through the water, which may thus exert deleterious properties. 
All cisterns should be cleaned out once a month with a soft brush, 
8o as to avoid the contamination alluded to here. 



4. Nature of Gathering Ground. 

That water for town supply should not be collected in the 
neighbourhood of populous places, either from the surface or from 
wells, will be admitted by all. Professional acquaintance with the 
water supply of many towns and villages has led me to the con- 
clusion that at least three-fourths of all the well-waters in populous 
places are contaminated with sewage, and i^e unwholesome. That 
water should be collected from cultivated districts is scarcely less 
to be deprecated. The fields are often highly manured, sometimes 
with police manure, and the drainings from such are more or less 
polluted with noxious ingredients. Even districts which are likely 
to be chosen for breaking up by £urmers — comparatively flat land 
or agricultural areas — should not be fixed upon for the water 
supply of large towns. Numerous instances can be adduced of 
water of good quality at one time, becoming thus contaminated by 
the breaking in and manuring of land, leading to unwholesomeness 
in the water, as well as the power to act more or less upon lead. 
Districts having hard waters are more likely to be influenced by the 
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progress of agriculture, because they are generall j more flat, wMlst 
soft-water districts, being more hillj as a rule, are less capable of 
being turned to arable purposes, and hence remain strictly pastoral. 

The drawback to soft-water districts is the presence of more or 
less peat, which communicates a greater or less tinge of colour to 
the water; but surely the mere appearance of a water is not to be 
sacrificed to unwholesomeness. The majority of highland and low- 
land lochs, the districts draining into such, as also the available 
collecting grounds for artificial reservoirs, must necessarily be in 
localities where there is some peat; and such is certainly as 
abundant in the highlands as in the lowlands. It is equally sure 
that highland lochs as well as lowland lochs contain water which is 
tinged with peat. A slight impregnation of the water with peat 
should not be considered objectionable, as it is not unwholesome. 
No pernicious ejects have ever been traced to such. Difficulties 
have arisen from mixing up marshy water, peaty water, and sewage - 
impregnated water together. Many towns are supplied with the so- 
called peaty water, including Glasgow, Aberdeen, and Inverness, 
and there is absolutely no proof whatever of any noxious quality 
being derived therefrom. 

In lifting samples of water for chemical analysis, care should 
be taken that the water is collected as it naturally flows in 
the stream or loch, and that the banks or bottom be not dis- 
turbed. Where the water is to be taken from the side, it is 
better to lift it- in a large spoon lined with porcelain and at- 
tached to a wooden pole, so that the operator may stand firmly 
on the bank without disturbing the stones or earth on the imme- 
^diate brink, and be able to stretch out the instrument some feet 
into the stream or loch. Where no such lifter is used, and the 
collector stands on earth or stones immediately alongside, or in the 
water course, and dips down the bottle, there is almost certain to 
be disturbance of the bottom, and more or less sedimentary matter 
passing into the bottle. Where the water is to be collected at 
depths not exceeding six feet, I employ a galvanised iron cylinder, 
fitted up with tubes and stopcocks, which can be opened and closed 
when the cylinder is lowered to the required depth. Where it is 
desirable to take the water from greater depths — say 20, 50, or 100 
feet — I use a galvanised cylinder fitted up with a valvular arrange- 
ment, which remains open when the apparatus is being lowered in 
the water, and closes at once on the descent being arrested at any 
point. In order to admit of the apparatus being lowered perpen- 
dicularly with sufficient rapidity, to ensure the constant current of 
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water througk the cjlinder, a hollowed out lead plunger is attached 
to the lower part, which not only performs the duty of sinking the 
apparatus rapidly, but also serves to bring up a portion of any 
sediment or silt which may be at the bottom. The line attached 
to the cylinder is marked off in fathom lengths, so that the depth 
may at once be known. The instruments described have been 
employed by me in the collection of many waters from reservoirs and 
lochs, and in every case the waters collected at great depths agreed 
in chemical composition and properties with those lifted from the 
surface of the respective reservoirs or lochs. 

5. Effects of Filtration. 

All reservoir and loch waters are improved by filtration. Me- 
chanical impurities, such as finely divided clay from artificial banks, 
and organisms of all kinds, are arrested in great part. Chemical 
impurities, however, such as the drainings of highly manured fields, 
or the products of decomposing sewage, are not removed by a 
mechanical filter. Any slight tinge of colour is lessened, especially 
if the filtering bed contain shells. There are two ways of determin- 
ing the colour of water. The best method is to introduce the water 
into a testing tube, about IG inches long and 2 inches wide, the one 
end of which is closed with a piece of plate glass. This apparatus 
has been in use for some years among all analytical chemists who 
have devoted attention to the subject of water analysis. The tube 
is filled with the water to be examined, and is held in the hand 
over a piece of white paper, while the operator looks down the 
whole length of the column of liquid. Different shades and degrees 
of colour can be very easily and correctly distinguished in this 
manner. Another plan which can be resorted to in all lochs and 
reservoirs, is to lower a white porcelain plate, about 6 inches in 
diameter, and observe the colour which the water imparts to the 
plate at certain depths, as also the exact depth at which the plate 
disappears from the eye. 



Mr. Stanford said — On behalf of the Chemical Section espe- 
cially, and on behalf of this Society generally, I beg to move a most 
hearty vote of thanks to Dr. Macadam for the very instructive and 
interesting lecture he has given us this evening, and also for the 
very kind way in which he has responded to our invitation to come 
from Edinburgh for the purpose. Many, no doubt, have wondered 
what Edinburgh could teach Glasgow on this subject. There is no 
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doubt that this city is as far before other cities in the poritj of its 
water sapplj, as it is far behind them in the disposal of that water 
snpplj after it has been fooled into sewage. The question of water 
supply naturally divides itself into quantity and quality. The 
question of quantity is an extremely difficult one, but it is one of 
engineering, and therefore generally a question only of pounds, 
shillings, and pence. I should like, however, to remind the 
engineers that we are far behind the ancients in the quantity of our 
water supply. We have no modem city which has anything like 
the supply of ancient Rome. With regard to the quality, it cannot 
be too often enforced upon the public that they are the very worst 
judges of what a water supply ought to be in point of quality, 
because the two tests of taste and appearance are, as Dr. Macadam 
has shewn us, the most fiilladous that can be relied on. The residt 
is, that it often happens in a country village that the analyst who 
insists on a certain well being shut up, is at loggerheads with the 
parochial board, or with that village nuisance, the ''oldest inhabitant." 
This individual appeals to his healthful appearance, and says he has 
drunk of the water, man and boy, for fifty years ; and it is of no use 
to tell the parochial board that the man has lived so long in spite of 
that water, and not in consequence of it. Taste is extremely falla- 
cious. I may mention a curious instance of this which occurred 
during the great cholera outbreak in London. There was a well, 
now shut up, which had disseminated the cholera over a wide 
district, because the water was bright — so 8X)arkling that the neigh- 
bours sent for it £Bur and wide. The rainfall from a churchyard 
drained into it, and in this churchyard a number of cholera patients 
had been buried. At a place near Woolwich a soup-kitchen was 
established, where they had a good well with plenty of water. 
The water was bright and sparkling, but it was found to have 
one unfortunate drawback — it would not make pea-soup. The 
water contained a large quantity of sulphate of lime, which formed 
an integument over the split peas; so that they refused to split any 
further. Another instance occurred at one of the stations on the 
Birmingham and London Railway. The Railway Company thought 
that the local Water Company charged too much for water. They 
therefore sank a well, but before the engines had taken water from 
it for a week, they found it "furred" up their boilers. I suppose 
the reason why the passengers did not find out the quality of the 
water so soon was, that they seldom drank it without its being quali- 
fied. It was found, howeyer, before many weeks, that the people who 
refreshed at that station were often seized with diarrhoea before they 
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reached London. The Company were, in fact, administering an 
excellent aperient. The estimation of the purity of water is entirely 
a matter for chemists to determine; and I repeat that nothing but a 
rigid and exhaustive analysis can be trusted. I beg to move a 
cordial vote of thanks to Dr. Macadam. 

Mb. Bromhead — I think it would be interesting to mention that 
within the last two months the Corporation of Glasgow have issued 
instructiona that there shall always be a ball-cock in a cistern. 
This involves an expense which would be something like £10,000 
a-year to Glasgow in the shape of plumber-work. It is a great 
inconvenience that people should be always forced to put on such 
a construction. I think that going back, at the present time to an 
obsolete affair of that kind is a very great mistake. 

Mr. J. R. Napier — Dr. Macadam mentioned that the west end of 
Edinburgh was supplied with 60 or 80 gallons per head. May I 
ask how it was measured? 

Dr. Macadam — "Water meters were put upon the " mains" lead- 
ing to certain districts, and the number of inhabitants being known, 
the quantity per head was. calculated. The experiment was con- 
ducted by the engineers. 

Thanks voted. 



IV. — ft» the Economy of Fuel in Domestic Arrangements, By 

Mr. Jas. R Napier, F.R.S. 



[Read before the Society, February 4, 1873.] 



The object of the present communication is to call attention to 
some economical results which I have obtained with apparatus for 
heating rooms and for boiling water. 

Before, however, alluding to these, I desire to make a few 
i*emark8 on some existing systems. The difficulty In heating rooms 
hitherto has been to get an abundant supply of fresh air introduced 
along with the heat at a moderate temperature and imperceptible 
velocity. 

Although neither physicians nor chemists have yet been able to 
tell us the exact amount of depreciation which our lives sustain by 
living in an atmosphere the amount of impurities in which is known, 
we are all sensible of the pleasure of living in a pure one; and. 
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therefore, desire as much of that as we can get when the tempera- 
ture suits ua. In general, it is either our ignorance or our poverty 
which prevents us from taking more of the pure air then than we 
da The fact of so many people leaving our populous cities and 
going to the coast or country in summer, and so many leaving 
Britain during its dismal winter for the sunnier regions of Madeira, 
or the shores of the Mediterranean, shews at least a desire for ti 
purer and milder air, which could not be gratified at home. For we 
have not yet found a S3rstem as economical as we wish for heating 
in winter an unlimited supply of fresh air to the temperature of a 
British summer, or a Maltese or Alexandrian winter. The quantity 
of fii^sh air which we require to be passed through our rooms so as 
to maintain N-igorous health in them, must depend on the efficiency 
with which the vitiated air is removed from our persons, and on 
the temperature at which the fresh air is supplied. "We refuse to 
take much of it cold, and desire more of it when hot. Evidently, 
if we would invent and be at the trouble of using some sort of 
breathing machine, acting like a pump, by which the pure air could 
be inhaled through one set of very easily moved valves, and the 
impure be discharged into a waste conduit or sewer by another set, 
very much less air would suffice than we find necessary at present, 
discharging, as we do now, the vitiated air into the same chamber 
among the fresh air we have to inhale. Probably the calculated 
quantity of 200 to 250 cubic feet per hour might then be sufficient, 
but very much more is by present arrangements found to be neces- 
sary. The open fire and chimney usually gives us as much fresh 
air as we like, and often more, in the cold state, and always a great 
deal less of its heat. Its cheerfulness, which so many people say 
they delight in when a close one is proposed as a remedy for one at 
least of these evils, is so clearly a delusion, or has nothing whatever 
to do with the object of a fire, as scarcely to require refutation. A 
bright fire on a hot summer day is not generally considered a cheer- 
ful object, nor does the stoker of a steamer consider that his furnace 
has a veiy cheerful look about it with the thermometer in the stoke 
room at 150° F. It is clearly the heat of the fire and not the sight 
of it which makes one cheerful or otherwise. When comfortably 
warm no one ever thinks of a fire' or its flickering flame. 

About the beginning of the present century Count Bumford 
pointed out many errors in the construction of open fires, as then 
made, and shewed that the more they were closed the less trouble- 
some and more economical of their heat they became. Never- 
thelessy many of them at present have all the faults which he 
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pointed out and shewed bow to remedy. Others, and notably 
Dr. Amot, have since done the same. Fire-plaoes entirely of 
iron, chimneys wide open, often without throats, or with valves or 
registers in them so inconveniently contrived as to be rarely used, 
are still very common. 

The only real merit which an open fire possesses, besides its 
extreme simplicity, lies in the large amount of fresh air which it 
may cause to pass through a room; but this evidently is a merit 
only when the external air is either itself at the desired tempera- 
ture, or is artificially heated; for when we are cold we object to cold 
currents passing over us, and prefer to be warm in an impure 
atmosphere rather than cold in a pure one. All improvers of open 
fires have virtually accepted this as a fBWjt, the improvement desired 
being to make the room warmer. Rumford*s consisted chiefiy in 
contracting the chimney near the fire, and thus preventing it from 
drawing so much cold air through the room; for he reasoned that it 
was this cold air in its passage through the room to the chimney 
which abstracted the heat communicated by the fire to the walls, 
floor, furniture, &c, which made the room cold, or prevented its 
being heated. And his reasoning is still assumed to be good. Dr. 
A mot carried the principle of chimney contraction to the limit of 
smallness in his stove or close fire, and obtained a certain amount 
of ventilation by means of his valve opening into the chimney near 
the ceiling. He could thus cause to pass through the room any 
amount of fresh air he pleased, to the limit which the area of his 
chimney and its temperature permitted, and he could also make the 
room as hot as he pleased by allowing the fire to bum more or less 
fueL Such is what I profess to be able to do now with simpler 
apparatus. 

A mot's smokeless open fire was, I conceive, an attempt to meet 
the prejudice in favour of the so-called cheerfulness. The throat 
was very small and close to the fire, the absence of smoke permitting 
it to be smaller than usuaL 

Apparently the most successful of open fires — successful in that 
the fire difiers, or needs to differ, in little or nothing from an 
ordinary open one, and that it supplies the room in which it is 
placed with a large amount of fresh air, moderately heated — is one 
which has been improved by Captain Douglas Galton. 

The fire gases in passing up the chimney, and the heat from 
the back and sides of the fire itself, heat the fresh air, and the 
fire draws it into the room near the ceiling. It appears to me, 
however, to be an expensive method of heating a Ixowae. 
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The same expense, if applied in economical stoves or close fires, 
would do about three times the work. For the efficiency of one of 
the Galton fires, as tested by (General Morin in Paris, — 
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And the expense of preparing a chimney for one room would 
probably be as great as would supply an economical heating 
apparatus for the whole house. 

One has only to take a view of the chimney-top scenery of 
Glasgow, to become aware of the utter inefficiency of its domestic 
beating arrangements. Instead of now having no smoky rooms, 
no back smoke, or other annoyances, and after proofs published 
upwards of seveiity years ago of the cause and cure of these -i 
evils, we are apparently no better informed than if Rumford had 
never lived, and so simply proved all he said. This is self-evident 
from the number and curious variety of additions to the chimney- 
tops of houses everywhere to be seen, and every one of which would 
be unnecessary if Humford's precepts were followed. If the fire- 
places themselves were properly constructed, architects would have 
the satisfaction of seeing their fine designs remain as they intended 
them. I bave here an illustration of this kind of unnecessary 
disfigurement and indication of internal discomfort. [Here a 
])hotograph was exhibited, taken from the back of a fashionable 
West-end block in Glasgow, where, in one house in particular, 
nearly every variety of the smoke doctor's art is to be seen.] 

The public generally must, indeed, have some very curious ideas 
as to the effect of lengthening a chimney, when a few feet of open- 
jointed tubing or even a close-jointed tube is expected to make a 
bad one answer better. 

If the velocity in the chimney increases as the square root of its 
height, as it is believed to do, the gain of adding one, two, three, 
or four loose cans, of about one foot in length each, to the height of 
the. chimney, must be next to infinitely little, to say nothing of the 
danger in storms, or the right of any one to increase a chimney in 
the same stack, for his own benefit, above that of his neighbours to 
their injury; for as a blow-down is caused by some object — a neigh- 
bour's taller chimney, it may be — ^intercepting the wind and deflect- 
ing it down^ for which no cure has yet been found, and is not likely 
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to be found until the winds are made permanent in force and 
direction, except the self-eyident one of raising the chimney-top 
above the downward current into the horizontal one, so surely no 
one can have the right to create these downward currents in their 
neighbour's chimney by raising their own. 

In general most rooms with open fires are, during the day, 
supplied with sufficient fresh air, at least we then complain more of 
the want of heat in them than of air ; but at night, when the gas is 
lighted, it is far otherwise. It has been shewn by eminent chemists 
that the great destroyer of fresh air in our houses is the gas 
burned. Jets using 5 cubic feet in an hour making the air, accord- 
ing to Boscoe's evidence, as impure as eight or nine people would do 
in the same time. Yet how few even of the wealthiest take any 
trouble to remove this vitiat?d air. They live, as it were, in 
elegant gas stoves. They give sumptuous entertainments in them, 
with the most expensive and purest of wines; but decline to give 
pure air that their friends might, as was practically demonstrated 
by Dr. Bos well Beid in his experimental room in Edinburgh, 
enjoy their hospitality in the highest de^*ree, perhaps for the 
brilliant reason that it would look ugly to put a pipe through 
the room to remove the vitiated air. I expect, however, that a 
shortened life and a weakened constitution, or the loss of a dear 
friend, from Uving in these impure atmospheres, will be admitted 
to be a vastly greater evil than an ugly pipe — although we have 
yet to learn that anything which does its work in the simplest 
possible way is necessarily an ugly object, or worse than that 
which kills one — viz., no pipe at all. If they estimate the 
amount of gas they consume at 10 or 12 cubic feet in an hour 
in rooms of about 5,000 cubic feet of volume, they will find, if they 
believe Boscoe, Angus Smith, and others, that they are destroying 
as much air for vital purposes as twenty to twenty-four people 
would do. The hot gas accumulates near the ceiling till it cools 
and falls, and is breathed by all above the level of the fire opening, 
if not also by some who may be below it, if, as many believe, a 
mixture or difinsion of the gases has taken place. 

We hear occasionally of some one having caught cold on coming 
out of a crowded room, perhaps a brilliantly lighted ball-room, and 
dying shortly after of consumption. I could fiir more readily 
believe, with an American writer, if the explanation is so simple, 
that it was not by coming out of the hot room into a cooler atmos- 
phere, but by going into it, that caused the death, which would have 
happened sooner and more certainly had the ^^^qt^tl x^ts^mi^ 
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longer inhaling the already used-up air of so many people and gas 
lights in such absolutely unTentilated places. 

I might here refer to the question of over-crowding, which, to my 
mind, is very much less a question of the capacity of the room, than 
of the quantity of pure air which each occupant can get. A room 
may be over-crowded, however large, in the only sense in which a 
corporation has any right to interfere — if it has no outlet for 
vitiated air — if it is close and already full of vitiated air, either 
from previous occupation or from gas burning ; and a room, how- 
ever small, may sustain vigorous health, if abundantly supplied 
with pure air. A crowded open-air meeting is not considered un- 
healthy; and many live for hours, and do wonderful work, with 
their heads closed up in rooms or spaces very little bigger than 
their own heads — in both they have plenty of fresh air. It appears 
to me that it woidd be a vast deal wiser policy, so to frame the law 
as, that science should not be ignored, to license lodging houses not 
by their capacity, but by the volume of pure air with which each 
was able to supply its inmates, when, like the purchasers of Glen- 
field Starch, it might be the duty of the corporation to " see that they 
got it." I see no reason why lodgers should not be allowed to lie on 
shelves, one above another, in as many tiers in height as they were 
pleased to mount up to, provided each had a sufficient allowance of 
pure air. I see no reason why, if a lodging-house keeper or public 
company chose to erect a St Kollox chimney, or blowing engine of 
] ,000 horse-power, and by that or other means supplied so much air 
that the inmates might pack themselves as close as tiers of coffins, 
why they should be prevented from so doing ; and if the keeper or com- 
pany, at the same time, supplied the air at a moderate temperature, 
I expect that the inmates would be vastly more refreshed after a 
night's rest there, than many of them are in the licensed rooms of a 
certain volume. 

Dr. Arnot provided means for the removal of some at least of this 
vitiated air by his self-acting valve near the ceiling ; but in very 
few open fire chimneys, as at present constructed, other than his, 
can even this imperfect system be applied. The throats below are 
too wide, or have very inconvenient and unsatis&ctory means of 
being reduced, whereby so much cold air, as Dr. Arnot has himself 
stated, is there admitted, that little power is left above for opening 
and shutting valves, or for drawing any vitiated air whatsoever 
from the upper part of the room, and more frequently admitting 
smoke there. Moreover, neither is Dr. Amot's valve, nor probably 
^ the chimney itself, large enough thus to remove all the hot vitiated 
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air, where so many currents are at work to mix and diffuse it 
through the room, and pollute the fresh entering air. The only 
sure and effectual method of removing vitiated air, whether from 
burning gas or from the person, is, as General Morin has stated, to 
make provision for its escape at the place to/iere it is generated. 
Therefore, for gas burned, this provision should be made at the gas- 
burner itself, where a very small orifice will suffice, and with this 
great advantage also, that a much smaller quantity of fresh air is 
then wanted; for it will now be pure and unmixed with vitiated air, 
and therefore less fuel will be required to warm the room, when the 
chimney or fire has been properly constructed. 

In order to remove these products of gas combustion, according 
to General Morin's principle, before they became mixed with much 
of the purer entering air, to remove all, in fact, that was rendered 
impure by the gas at the least cost, and at the same time retain a 
sliding gasalier, the lights of which, for experimental purposes, 
could be pulled down to the table, I had the arrangement seen in 
fig. 1 executed. Tinned iron hoods or cones, about 12 inches in 
diameter, were placed about 4 inches above the base of the gas-jets, and 
connected with a pipe 2^ inches diameter, leading to the chimney, 
where it rested in a spherical cup, the end of the pipe being a right 
cone. By this means the lights can be raised or lowered at pleasure, 
and the products of combustion escape at all positions in their most 
concentrated state, ^he success of the arrangement was so com- 
plete that something of more elegance was attempted for another 
room. It has also been a great success. The large glass bell, fig. 2, 
instead of the tinned iron hoods, allows the ceiling to be lighted. 
I was aware of a well-advertised London patent for this purpose, 
but it was much too complicated, expensive, and troublesome for my 
ideas of what was wanted, and I did not see the philosophy of pay- 
ing for gas, and then wasting about ^ of it by ground or clear 
glass globes. Many plans fail on application, although the prin- 
ciples involved may be correct. I remembered that a cousin of my 
father^ s had a plan, nearly 40 years ago, with a glass bell and ar- 
gand lamp, with a small pipe leading to the chimney of an open fire, 
but his bell constantly dropped water. The only real difference in 
the plans was, that where he had a very Small pipe, I have a rela- 
tively large one leading to the chimney. Where he had probably 
a wide throat to his chimney, I have a narrow one in the open fire. 

In illustration of the correctness of these views of General Morin, 
I tried the temperature of the upper part of my dining-room, near 
the ceiling, on several December evenings, three years ago^ about 
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six hours after gas-lighting, when no ventilation of the upper part 
existed, and found it 1 1® hotter than on the floor, being 60' F. 
on the floor, 71* F. near the ceiling; while there was little or no dif- 
ference during the day — nothing, at least, appreciable by my thermo- 
meters. I then made provision for removing the vitiated air from 
the burned gas in the way described ; and now, when the same 
experiment is made, under similar circumstances, there is only 
between 3** and 4° of difference when the stove alone is in action, 
and about 2? with the gas alone, after six hours' lighting, and the 
stove cold. I reasoned that it was the products of the gas com- 
bustion which heated the ceiling 11°, and which consequently was 
vitiating the air, making it unfit for use. 

The record of an experiment, made 25th January last, may con- 
vince othei's. Fig. 1 shews a section of the room, with the position 
of the thermometers, stove, &c. Thermometers were placed at 
A, B, and C, on the floor, 4^ feet above floor, and about 15 inches 
from the ceiling. Columns A, B, and C of table A shew the results 
obtained. The temperatures are given in degrees above the melting 
point of ice, the boiling point of water on the same scale being 
180*. This alteration of Fahrenheit's zero point I have preferred 
for the reasons given to this Society in a former paper, and I have 
called it F^ instead of F. By adding 32** to the numbers in the 
table, the ordinary Fahrenheit scale is obtained. 

I would remark here, in reference to fig. 1, and to columns A, B, 
C, of table, that a large amount of air was drawn from the room by 
the ventilator at F, that the fresh air from the hall, which might 
have been previously heated, but was not, entered at H, near the 
ceiling, and that, except when meals were served, I was the only 
occupant of the room, and the room-door was usually shut. 

Having now shewn some of the objections to open fires, and that 
much more heat can be obtained from close ones, with a better 
system of ventilation, I shall refer to my own schemes for making 
them simple and easily managed. A number of years ago I was 
much struck with a remark of P^clet's, in his Traite de la Chaleur, 
that if a small fire were placed under an immense number of 
vertical tubes in a boiler, the heated gases would ascend only a 
very few of them — the air in the remainder would either be sta- 
tionary or have descending currents; but if the fire were placed 
above and the heated gases made to descend, they would fill all 
the tubes equally; or, as we may otherwise state it for the present 
purpose, if we wish to prevent a hot or Hghter gas escaping, we 
must have no opening in the upper suriace of the containing vessel 
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— the lower surfiEtce may be firee but not the upper. The tad is 
well known and applied in many businesses, but very seldom to 
domestic heating arrangements. Make a large enough chamber, 
let the hot gases enter it near the top and escape by the bottom, 
when a regulating door on either the inlet or outlet pipe will con- 
trol the combustion, and nothing can escape til] it has done its 
greatest duty. The founder's drying stone, the iron shipbuilder's 
heating furnace, are applications of the principle. Fig. 3 shews 
the means I have taken to apply it to heating rooms. The fire is 
placed near the lower part of a central tube; this tube is covered 
by a much larger case placed over it like an extinguisher, close 
at the top, open at the bottom. The fire gases ascend in the 
central tube and descend in the surrounding case, escaping into a 
flue at the bottom. A stove of this construction, having about 24 
square feet of heating sui'fiEUse, and burning gas coke at the rate of 
about 1 lb. an hour, in a room of about 5,000 cubic feet of capacity, 
makes It hotter than about 30 lbs. of the same coke did with one 
of those isolated American box-fire places. The coldest gases being 
below escape first, and only after they have given out the greatest 
amount of heat of which they are capable, with the given amount 
of surfEUje. The whole surface is efiective for heating — top, sides, 
and bottom. When gas-coke is burned in it at the rate stated 
above, the temperature of the smoke in the upper part of it rarely 
exceeds 350 F^., and this raises the temperature of the room in 
which it is placed about 5° with the room door opening and 
shutting as may happen, and an opening into tbe hall near the 
ceiling of about 80 square inches for the fresh air to enter or the 
hot air to escape by. The room is better ventilated with about ^ 
of the fuel formerly used, and at about ^ the cost, for gas-coke, 
the fuel found lo be most suitable for it, is about half the price of 
coal. There is less dust, and no attention during the day is 
required — one fire in the morning lasting all day. On 31st January 
last, about 15 lbs. charged at 7 in the morning was still red at 
11.30 P.M. — the gas in the upper part of the stove having during 
that time a mean temperature of about 300 Fg., that of the room 
till gas-lighting about 5 p.m., about 30 Fq., and from 5 p.m. till 
11.30 P.M. about 34 Fq., and at 11.30 p.m. the gas in top of stove 
was 140 Fg. In general, the fire is out by about 6 p.m., the 
two gas lights consuming about 12 cubic feet or ^ lbs. gas per 
hour, keeping up the temperature for the rest of the evening, and 
doing nearly as much duty as 1 lb. coke in the stove. It is very 
easily kindled with about 4 ^^* wood charcoal, and as easily 
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cleaned after nse hj merely pulling up the grate and allowing 
the contents to drop into the ash-pit. The ezperimenta recorded 
in table A shew the -working of the stove on 25th January last. 
A thermometer, D, fig. 1, was inserted in the stove itself with its 
bulb 2j inches from the top, ao as to get an idea of the maximnm 
Bur&ce temperature; another, E, waa placed 2^ inches above it, 
and afterwards shifted to 12 inches. The ventilator, L, was opened 
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and left open, not from any necessity or feeling of oppression or 
desire for more air, but merely to perceive its effect that the result 
might be recorded. The result was that I felt chilly all day on the 
side not next the stove, caused evidently by the colder fresh air 
current entering at H from the hall, and passing over me on its 
way to the chimney ventilator, L. And, also, that I would have 
preferred a warmer room, which I could easily have got in two 
ways, either by reducing or entirely shutting the ventilator, L, at 
base of chimney, or by opening the ash-pit and burning more fuel. 
I preferred the former during the day, seeing that as far as one's 
feelings tell, it is always then fresh ; and we have not yet got a 
power of controlling the heating effects of the gas-lights, which, 
when the room is sufficiently hot during the day becomes too hot 
at night. A temperature of 30° to 32° Fq. is agreeable to me, at 
34° and upwards I desire more- fresh air. The thermometers were 
not compared at Kew, but were, with the exception of that in the 
stove gases, cheap spirit ones, whose Fahrenheit zeros I had shifted 
32° — they agreed fairly with each other at the temperatures re- 
corded. 

That stoves or close fires should be blamed for over-heating or 
burning the air, making it disagreeable to the senses, is surely not 
due to the fact of the fire being closed. General Morin and others 
have so often pointed out the unhealthiness of red hot stoves, that 
it seems almost childish to say that if the fire is in a close case of 
sufficiently large dimensions it would be impossible to make the 
case red hot, as impossible as to make the poker lying at the side of 
an open fire, or the wall on the opposite side of the room red hot. 
Evidently, with a case as large as the room itself, its sur&ce tem- 
perature would be the same as that of the wall. Indeed, there is 
no difference whatever between an open fire and a close one in this 
respect, for let a screen of any kind be placed between you and an 
open fire, and immediately, as far as you are concerned, you have a 
close fire with the screen radiating its heat to you and giving off 
hot currents as an open fire does from the floor or wall. Although 
the commissioners of 1857 reported " that the radiation from close 
stoves is small . . . and differs materially from the circulation 
produced by an open fire, the heat radiated from which is great," 
I submit that if the radiation is small, it must arise simply from 
the fact of there being less fire inside to radiate from. But I deny 
that the radiation is small. It must be at least three times greater 
than from an ordinary open fire burning the same amount of fuel, 
and which has only about one-third the surface exposed, whereas. 
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in an isolated stove, the whole of the surface is exposed. The whole 
surface radiates, and at any intensity of heat we please, according 
to the size of case we make, relatively to the rate of combustion 
inside. 

It must then be from ignorance if any one purchases a stove 
which makes the air disagreeable, purchases one too small for the 
amount of fuel which he intends to bum in it, or if he bums too 
much in the one which he has purchased. It must be admitted 
that a room heated by a large surface at a low temperature must be 
more uniform in its temperature, and that more nearly agreeing 
with the temperature and freshness of a British summer or Medi- 
terranean winter than if heated by a small surface at a high 
temperature, in which every variety of climate may be experienced 
in a few seconds, according to one*s position in the room. Then, 
surely, if health is the object sought for, one ought to prefer those 
stoves which have a large amount of surfleice. 

But business is not necessarily science. Anything sells if it is 
cheap enough. So all kinds of stoves are to be found in the market, 
except one with a sufficiently large surface (in the British market 
at least) for the fuel to be burned in it. Those who are wise 
enough to take advantage of the large experience which General 
Morin has published will perhaps be guided by his advice, and 
select one which has at least six square feet of effective heating 
surface for every 1,000 cubic feet of space to be heated and venti- 
lated by it. 

As my neighbours right and left keep some of my rooms nearly 
hot enough for me, my dining room, before the stove is lighted, 
being generally from 14° to 16° hotter than the external air, I am 
not able from my own experience of the stove I have described, to 
corroborate General Morin, except so far that I think 24 square 
feet of effective surface too little for a room of 5,000 cubic feet of 
capacity, and for such stoves (fig. 3) I conceive that the rate of 
combustion ought not to be allowed to exceed ^ lb. of coke per 
square foot of heating surface per hour. 

For want of means to measure the quantity of air passing through 
the room, I have not been able to state more definitely what tlie 
duty of 1 lb. of coke in it is; but from the low temperature of 
the chimney at about 7 feet from the floor, 43° F^, and the very 
small amount of air which reaches the fijre through the bad fittings 
of the ash-pit door, wedged as close as I can make it, I conclude 
that it must be at least as efficient as any which General Morin has 
tested, and is probably 96 per cent., or that not more than 4 per 
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oent of the heat is lost up the chimney. Any amount of ventila- 
tion which the chimney is capable of can be obtained by opening a 
valve at its base, the fresh air may be admitted near the ceiling, 
and a special tube for removing the burned gas may be led direct 
into the chimney. Such is the arrangement I have made for 
myself. (See figs. 1, 2, and 3.) 

The base of the chimney, however, being close to and immediately 
behind a hot stove, is clearly not the best place for removing the 
vitiated air — it is simply a place where an opening can be very 
easily and cheaply made into it. 

The instrument (a wind-mill arrangement) which I had intended 
using in order to ascertain the velocity of the air passing into the 
chimney, had such a table of errors sent with it, as to render its 
readings doubtful, and I have had no means of finding the true 
value of its scale. If, however, it is tolerably accurate, the chimney 
has a ventilating power, when the stove is consuming about 1 lb. per 
hour of coke, of about 6,500 cubic feet of air per hour, the velocity 
of the current at the exit, when this volume is discharging, being 
about 350 feet per minute. The 2^inch tube ventilating the two 
large gas-jets, discharges about 1,000 cubic feet per hour when there 
is no other opening into the chimney, and about 700 of the 6,500 
cubic feet per hour mentioned above. 

The formula for such instruments should be of the form V = C + 
N R, where V is the velocity, C and N constants, and R the 
number of revolutions. 

Being struck with the clean appearance of a patent asbestos and 
gas-fire, and the ease with which it could be lighted, I had the 
curiosity to estimate its cost, thinking that if it were economical to 
use it in the stove I have described : I give the result for the benefit 
of those who may think illuminating gas an economical method of 
heating or cooking. Assuming the total heat of combustion of 1 lb. 
of Gliwgow gas (27 candle, I believe, it is called) at 21,000 units, 
and its density as given me by the gas-manager, Mr. Foulis, at 0*62 
of air; then 1 lb. of gas will have 21-11 cubic feet of volume. If 
this is taken at 6d. the 100 cubic feet, its cost per ton will be 
Xll, lis. 6d. 

Again, assuming the total heat of 1 lb. of coal as 15,000 units, 
and its cost £1 per ton, the relative cost of heating by coal to 
heating by 27 candle gas will be as 1 to 8*4 ; and if gas-coke be used 
instead of coal, the relative prices will probably be as 1 to 12, the 
gas being 12 times dearer. This is on the assumption that the best 
method of applying both are used ; for it is easy to say that illumi- 
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natiBg gas is as economical as coal, if the best gas heating or cooking 
apparatus is compared, as it often is, with the worst coal cooking or 
heating fire. If gas-coke, however, is to be the fuel of the future^ 
it would be well to have it supplied in the dry state, otherwise we 
shall have to apply to the City Analyst to know how much it is 
adulterated with water, for dry coke has certainly the power of 
holding ^ of its weight of water. I recently asked the corpora- 
tion to send me some dry coke, and it contained 2^ oz. in the pound 
or ^ of its weight of water. Commercial coke is therefore not dry. 

The forgoing remarks as to heating and ventilating have refer- 
ence chiefly to existing houses, and not as to what might or should 
be done for the same end in the construction of new ones. Every 
house, however, whether old or new, ought to be flooded with pure 
fresh air. A large fresh-air channel ought to be as much a part of 
the house as its front door, its windows, or its chimneys. The 
fresh air ought not to be allowed to find its way into the house as 
it best can, by chinks and crevices anywhere and everywhere, as 
these often make certain parts of the room uninhabitable. Those 
who are pleased to heat this large volume of fresh air in cold 
weather to a moderate tempei*ature, in a chamber, before it reaches 
the rooms, will find their economy in increased health, and then 
the extravagant open fire will become tolerable. 

I have now a few remarks to make on the boiling of water for 
domestic uses, and to describe a new cooking apparatus. The most 
economical results published on the heating of water, on the small 
scale, as far as I know, are those by Count Rumford. In his 
" Essays" he gives the results of numerous experiments, with the 
various alterations he made on his apparatus. The best he obtained 
was in a boiler containing 187 lbs. water, when 20*1 lbs. of ice-cold 
water was made to boil with 1 lb. of pine-wood fuel. This is equi- 
valent to 3,618 units or lbs. raised 1® per lb. of wood burned. If 
we assume, on the authority of a table given by Hankine, the total 
heat of combustion of 1 lb. of dry pine-wood to be 7,245 units. Bum- 
lord obtained nearly half of the whole heat of the fuel in the water. 
From numerous experiments I have made with a kettle or boiler 
containing 2^ gallons, which I have now to describe, I obtained, 
as the result of burning 3^ lbs. of coal, 17 '55 gallons of water, raised 
from the freezing to the boiling point, or 

61-08 lbs. raiBed 180^ per lb. of fuel 

9, 194 units per lb. coaL 

9 '52 lbs. evaporated from 212* F. per lb. coal. 

If we assume the coal used (chiefly carbon) to be equivalent to 
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14,000 units, I have obtained nearly f of the total heat of the 
fuel in the water, and had I made the kettle or boiler in such a way 
as to try to get the highest possible duty, the probability is, I 
would have got considerably more economy; but my object was 
more practical. 

I had obtained with it two days previously, as the result of 
burning 12 ozs. of wood charcoal, 6,.650 lbs. water i*aised P, or 
8,867 units per lb. of charcoal, or 49*2 lbs. water raised from the 
freezing to the boiling point, or 9*18 lbs. evaporated from 212** F. 

The first result was obtained from the burning of 55 ozs. of fuel, 
consisting of — 

12 ozs. wood charcoal ; 
21 ozs. shjde oil coke, 
16 ozs. Airdrie coal (bUnd), 
6 ozs. Eofb coke, 
176 lbs. water was raised from 40** to 212<» P. 
and 25 lbs. „ „ 40** to 100** F. 

The rate ef combustion was 10 lbs. per hour per square foot of 
grate, maximum rate being 20 lbs. The time occupied in boiling 
each of the 2^ gallons varied with the kind of friel used and state 
of the fire, as follows : — 

21 gallons boiled in 39 miniites with wood charcoaL!. 
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The experiment was eontinu(»us, and lasted five hours, the fire 
being constantly renewed with fuel when required, ia the order 
given above. 

P^let, in his great work, gives the results of heating baths, from 
which it appears that very nearly the whole heat of the fuel was 
obtained in the water ; and Mr. Kibble, in the heating of his con- 
seinratory, must have realised nearly the same result, for he has 
informed me that the temperature of the gases leaving his water- 
heater is but V hotter than the water entering it; but I am 
not aware that in portable kettles for domestic purposes, anything 
approaching the economy which I have obtained has been realised. 

The sketch, fig. 4, shews kettle similar to the experimental one, 
and its connection with a cooking apparatus which I have recently 
designed and got partially made. It virtually forms the case of such 
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a stove as I have already described. It is, as it were, an inverted 
pot, with an annular water space for the lower part of the sides, 
and placed like an extinguisher over and round the fire. The fire 
was placed in a small crucible with its bottom cut off, and replaced 
by a grate. 

The area of the grate wa» tV sqnape foot 
The heating snrface of kettle, 4*32 square feet. 
Coal burned per sqnare foot ef grate per honr, 13 lbs. 
Heating sarface per lb. of coal per hour, 9*43 square feel 

The time occupied in bringing the water to the boiling point 
varied with the force and direction of the wind — the chimney 
being one seldom used, and much larger than necessary for the 
very small fire employed. 

From these data it will be seen that the heating surface is 
upwards of seven times greater than that of an ordinary pot of the 
same diameter on a close cooking range, and probably from five 
to six times greater than in pots on an open fii^j and from its con- 
struction the internal heating surface, at least,, being all effective, 
none of the heat can escape till it has done the most work it can 
do for the surface exposed. 

Fig. 4 also shews the means I have adopted for economising the 
waste heat for heating water. As this waste heat — or that which 
escapes, being used when any cooking is proceeding on the top of 
an open or close fire — is about ^ of the whole heat, and as cooking 
is not always proceeding, although the fire may be burning for the 
cook's pleasure, I thought it desirable, if possible, to prevent the 
heat being wasted, by placing an annular boiler (a a) or water-heater 
round the fire, as the outer casing of the flue. In most modem 
kitchen boilers or water-heaters, it is the direct heat of the fire 
which is so used, although Rumford condemned such seventy years 
ago; but as extravagance is not yet considered a vice, or economy a 
virtue, such abominable waste is still tolerated. 

The annular water-heater may be supplied from a cistern in the 
kitchen, or be connected, if stvong enough, direct to the main, with 
hot water all over the house if need be. 

Although this annular water-heater catches most of the waste, 
and that alone^ it is dearly neither economical nor desirable that 
there should be any to catch; therefore none of these contrivances 
ought to be such as to be capable of heating baths, which can be so 
much more quickly, economically, and certainly heated by a boiler 
on purpose. Those who can afford the bath might see that they 
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bave the means of heating it as often as may be desired, which 
boilers behind open fires certainly do not possess. If these boilers 
were placed in the circuit of the water made hot by the waste 
heaty they would be most economical and useful. 

Although I did not originally contemplate any greater economy 
from the oven (0, fig. 4), than in many other ranges, as my aim was 
to learn with how small a fire that operation could be conducted, 
I believe that it must be more economical than any other not 
made chiefly for roasting, simply from the £Eict that there is less 
heat lost in useless radiation from the upper surface, the only direct 
radiation from the fire being the opening left for the kettle, or a 
space of about 12 inches diameter. The oven is virtually the room 
in which such a stove as I have described is placed. I have tried 
it in a small way in my work-room, and succeeded to my own 
satisfaction. In a short time I expect to get the cook's experience 
of it and other matters, which may be recorded at a future meeting. 

I shall now conclude by asking for information, which I have 
longed to possess, as to the cause of the desire wo feel for more 
air when it is heated or above a certain temperature, than when it 
is cold, as all I have attempted to solve is the mechanical question 
of supplying a quantity of fresh air and heating it at the smallest 
cost. But it appears, if our bodies are cold we take very little of 
the fresh air if it is also cold — if our bodies are warm we enjoy 
the cold fresh air amazingly. If we are warm we desire far more 
of the fresh air if it is also wai*m, and we feel oppressed, sometimes, 
if the temperature of the room rises quickly 3* or 4° above 32** or 
33° from the freezing point. 

If our lungs are so elastic, that they would always inhale a de- 
finite weight of air, we might suppose that any one could travel from 
the lowest to the highest regions, or from the coldest to the hottest, 
without inconvenience; but the facts are against such a supposition. 
Aeronauts become insensible on a sudden elevation to five miles; 
and white people die of sunstroke, so called, when exposed in some 
manner to temperatures hotter than they have been accustomed to. 
If the lungs are not elastic they must work faster in the hot than 
in the cold atmosphere, and in the higher than in the lower regions, 
to do the same work, and such, to a certain extent, I am informed 
they do; but the ratio of the volume of a definite weight of air at 
32° above the freezing point to that of 36% being 1064 to 1072 
nearly, is so much within our powers of breathing faster or slower 
as to make it tolerably evident that the temperature is nat the 
cause of the feeling of oppression or desire for more air. 
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Pitysiologists might tell us whether the negro's lungs are 
relatiToly larger than those of the Esquimaux — whether the 
natives of the high plateaux of Mexico and Peru have relatively 
larger lungs than those of the Coast They might help us to find a 
reason for this occasional feeling of oppression in a hot room. We 
might then possibly find a means of preventing it. 

Dr. Allen Thomson, to whom I had applied for an answer to 
these and other questions, has kindly given lus opinion in a note, 
of which the foUowing is an extract : — 

" UiavxBsrrT, 4ih Feh^ 1S74. 

" I am sorry that, in the CtUe time I have had to give to it, I have been 
unable to find any precise data to determine the Tariatiofu of the respiration 
according to temperature of the air in the hunan subject. 

" The general fact seems to be established that, as the temperature rises and 
the air is rarefied, the respirations become more frequent, and when the rarefae- 
tion is considerable, the amoont c^ carbon given off from the longs suffers 
diminution. 

*' But I do not think that within the ranges of temperature of which you 
qwke, as for example from 55^ to 65° or W* to 70** Fahr., the effect would be 
iqipreciable, or at all CTcnts constant : for a great many other circumstances 
would operate in compensating for, or inteifoiing with, the simple effect of the 
rarefaction." 

From this, and from a work by Dr. Lombard, which Dr. Thomson 
kindly lent me, it would appear that above a certain altitude 
the lungs of healthy strangers cannot work £Ast enough to supply 
their wants, and that this fact has been taken advantage of for the 
cure of consumptive patients. Their furnaces, which were con- 
suming them below, not being able ta get supplied with the same 
weight of oxygen in the same time above necessarily bum slower. 
Then the patient gets fat. 

It is tolerably certain, however, that the oppression I have 
referred to is not caused by the want of oxygen arising from 
diminished pressure. 
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V. — On the Economical Combustion of Coal Gas, By Dr. W. 
Wallace, F.R.S.E., F.C.S., Gas Examiner for the City of 
Glasgow. 



[Bead before the Society, March 4, 1874.] 



The recent extraordinary increase in the price of coal, which, as 
regards the variety used specially for making gas, is likely to be 
permanent, has rendered necessary the very strictest economy on 
the part of gas companies and of corporations which supply gas. 
One result of this necessity has been, that the price of gas has been 
raised, in many cases, 50 per cent. ; and another, that the quality 
of the gas supplied has been reduced as far as it has been considered 
safe to go in that direction. In most large towns, especially those 
in which the gas is supplied by the corporation, a standard illu- 
minating power has been fixed by Act of Parliament ; but previous 
to the rise in the price of coals, gas of a far higher illuminating 
power than that demanded by the Act was actually supplied. In 
the case of Edinburgh there are two competing companies, and of 
these, one, until very recently, supplied 30 to 32-candle gas, the 
other about 26, both charging the same price. Now, I understand, 
the standard of 26 candles is adopted by both companies. In our 
own city wa had formerly two gas companies, both bound by Act 
of Parliament to supply gas of not less than 12-candle power; but 
the gas made by the old company actually had an illuminating 
power averaging about 28 candles, and was often above 30, while 
the new or " City and Suburban" company gave gas averaging 26 
or 27 candles. In 1869 these two companies were taken over by 
the Corpoiration, who have since supplied Glasgow, and who are 
bound to give 25-candle gas. For two years or so the illuminating 
power averaged about 28 or 27J, and last year it was about 27. 
This year the average of all the works is something like 27 candles ; 
but it varies a little, some of the works (of which there are now five) 
giving systematically a slightly higher standard of illuminating 
power than others. Although it is no part of my present purpose 
to discuss the local bearings of the question, I may state that, in 
general, the gas is of higher illuminating power, and more regular 
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in quality, when made in one or other of the smaller works, than 
when produced in the larger establishments. At the Dalmamock 
works it is necessary, during the winter months, to carbonise about 
400 tons of coal daily, and it has sometimes occurred that a large 
portion of the coal has been taken direct from the railway trucks, 
often dripping with water, to throw' into the retorts. In the new 
gasworks at Dawsholm, near Maryhill, which, when completed, 
will be about as large as all the previously existing works put 
together, a very large space has been set apart for the storage of 
coals, so that these may be always used dry and in good condition. 

The tendency, as I have already stated, has been to advance the 
price of gas and to lower its quality, as far as Acts of Parliament will 
permit; and the question naturally arises, whether gas is commonly 
burned so as to bring out its greatest possible value. We talk of 
gas being 25 candles, but that does not by any means imply that 
any jet of that particular gas will give the light of 25 candles. 
This is what the Glasgow Gas Act, 1869, says (page 38): — "All 
the gas supplied by the Corporation shall be at least of such quality 
as to produce from a union jet* burner, capable of consuming 5 cubic 
feet of gas per hour, under a pressure equal to a column of water '5 
of an inch in height, a light equal in intensity to the light produced 
by 25 sperm candles of 6 in the pound, burning 120 grains per 
hour." 

Here we have defined — Ist, the quantity of gas to be burned in 
an hour, namely, 5 cubic feet ; 2nd, the kind of burner to bo used — 
a union or fish-tail jet; and 3r(/, the pressure at which the gas is 
to issue from the burner — five-tenths of an inch of water pressure. 
I do not know by whom that clause of the Act was framed, but it is 
an excellent one, and frilly recognises a point which I will endeavour 
to illustrate to-night — namely, that in order to bring out the real 
economic value of the gas, it must be burned at a 'comparatively low 
pressure. It will give you some idea of the size of the burner 
which I find it necessary to employ in order to comply with the 
Act of Parliament — it is a No. 8 — that is, a jet which, under ordinary 
circumstances of pressure, is expected to consume no less than 8 
cubic feet per hour, but which, when exactly regulated to half-an- 
inch of pressure, bums as near as possible 5 cubic feet. 

Before entering upon the main business of my paper, I wish to 
SAj a few words on the comparative price and quality of gas 
supplied in different towns, as I think there is some misappre- 
hension on the subject which it would be useful to correct. Take 
three towns — Glasgow, Manchester, and Birmingham. In Glasgow 
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the illuminating power of the gas is, say, 26 candles, which is really 
under the average, and the price 5s. ; in Manchester it is 20 candles, 
and the price 3s. 8d. (outside the town 4s. 2d.); in Birmingham it is 
15 candles, and the price 3s. to Ss. 6d. Now, it is easy to calculate 
fi-om these figures the relative values of equal quantities of light, as 
given by the combustion of gas, in the three towns. Let us take 
the Glasgow gas as the standard, 26 candles being worth 58. ; then 
Manchester gas is worth 3s. lOd., and Birmingham gas 2s. 10|d. As 
regards price, therefore, the Glasgow gas will, considering its quality, 
bear &vourable comparison with other towns, even those that are 
considered the most fortunate in this respect. But some of our 
citizens say, I do not know nor care anything about your illumi- 
nating power or candles, but I go to Manchester and Birmingham, 
where the gas is cheaper than it is here, and I find those towns 
as well lighted as our own, if not better, and the gas flames appear 
to be as large and to give as much light. The first answer I have 
to give to such assertion is, that no true comparison can be made 
between two lights, unless they are seen at the same time; and 
that, even if the flames are side by side, the comparison is useless 
and misleading, unless the same amount of gas per hour is burned 
in each jet. The size of a gas flame does not depend entirely on 
the quantity of gas consumed, but also upon the quality: two 
flames may be equal in size, and yet the one may be burning twice 
as much gas as the other. A jet of a given size, and at a given 
pressure, will pass much more of a light gas than it will of a heavy 
one ; and the gravity of coal gas varies in proportion to its richness 
in those constituents upon which the illuminating power chiefly 
ddpends. But the size of a flame does not only vary with the 
gravity of the gas, but with the proportion of heavy hydrocarbon. 
When gas contains a little air, not only is the illuminating power 
immensely reduced, but the flame becomes comparatively small; 
and in like manner, the flame of a poor gas is small compared with 
that of a rich gas, the amount of each being the same. If, then, it 
be a fact that the gas flames are as large in Birmingham and Man- 
chester as here, it only proves that in these towns larger burners are 
used than are commonly employed here. I have heard it stated on 
good authority, that although Birmingham has little more than half 
the population of Glasgow, the total consumption of gas is as large 
as it is here. I may mention another striking fact, that the burners 
used for what is called common gas in London, Birmingham, and 
various other English towns, are provided with much wider openings 
than those used here; and that the burners are totally unsuitable 
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for burning our gas, producing with it a smoky flame, and giving 
comparatively little light. I have, for the purpose of shewing you 
practically the difference between our gas and such as is used in 
London, Birmingham, and most of the English towns, prepared a 
quantity of gas from common coal, equal to about 14 candles, and 
I shall bum it, and also the Glasgow gas, exactly at the rate of 5 
cubic feet per hour, using identical meters and burners, so that the 
test may be strictly comparative. The result, I have no doubt, will 
convince you that our gas is very different, indeed, from that you 
have been accustomed to see in English towns, and I trust it may 
in some measure reconcile you to the paying of a price which, 
although much larger than we have been accustomed to, is moderate 
compared with other towns, when quality is taken into account. 
There is one English town which, I confess, fairly beats us in the 
economical production of gas, insomuch that they shew a larger 
surplus. I mean Manchester; but I understand that the reason 
for it is the larger price that is obtained for the coke produced 
in the gasworks of that town. However, that is a matter which I 
should scarcely touch upon. If the Glasgow corporation charge too 
much for their gas, there is no reason why I should undertake their 
defence, and that for two reasons — first, that they are well able to 
defend themselves; and, second, that my duty, as a public official, 
is simply to see that the Corporation keep up the quality to the 
standard required by the Act of Parliament.* 

"With regard to the prospects of an early reduction in the price 
of gas, I must ask you to allow me to make a short quotation from 
a recent number of the Journal of Gas-lighting (Feb. 10, 1874, 
p. 177), where, in discussing this subject, the editor makes the 
following remarks: — ''In Scotland the effects of the rise in the 

* The following table gives particulars regarding the population (including 
suburbs) of varioua towni, together with the number of meters in use, the gas 
rental, the value of coke, tar, &c., and the price of gas for the year ending 
30th January, 1873. 



Population, 


GlMgOW. 


Manchester. 


Birmingham. 


LiTeipooL 


560,.000 


500,000 


350,000 


550,000 


Number of Meters in use, . 


106,483 


64,293 


50,000 


60,000 


Gas Rental, 


£252,619- 


£267,636 


£236,753 


£277,727 


Coke, Tar, Amm. Liquor, 










and Meter Rents, . 


£32,000 


£63.782 


£182,019 


£89.700 


Price of Gas, 


4/ 


3/6 and 3/9 


?/3to2/7 


3/6 and 5/9 


Uluminating Power, Candles, 


27 


20 


15 


. 20 
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price of cannel are much more apparent. The names of 222 under- 
takings appear on onr list, and it will be seem that of these, 66, or 
nearly one-third, raised the price of gas in the course of last year. 
We must remark here again that the advances were numerous in 
Scotland in the previous year, and thus the advances in Scotland 
are greater in number than in England and Wales. No considerable 
faU, if any, in the cost of cannel coal is to be expected, and the 
Scottish companies will inevitably, sooner or later, have to consider 
whether or not it will be possible to continue an exclusively cannel 
supply. In the meantime they are unquestionably promoting the 
rapid exhaustion of a material limited in quantity, and which, so 
far as we can see, cannot be replaced ; which is highly valuable as 
an auxiliary, but the exclusive use of which is undeniably wasteful." 
Further on, the same writer states that in England and Wales 
advances in the price of gas are most numerous in coal districts. 
This apparent anomally is easily explained by the simple fact that, 
in districts far removed from the coal-fields, coke increases in value 
in a much higher ratio than it does in the coal-producing districts. 
And, again, as regards the Scottish gasworks, the coke produced 
from cannel coal is very inferior in quality, as compared with that 
made from English caking coal, and the increase in price of the 
coke is trifling, and does little to compensate for the rise in the 
value of coaL 

But it cannot be doubted that a supply of gas of comparatively 
high illuminating power is a most desirable thing, independent 
altogether of the consideration of cost. Cannel gas gives very little 
more carbonic acid and other products of combustion than common 
gas, while it yields, in ordinary practice, twice as much light. In 
other words, if we wish in an apartment a certain amount of light, 
we must vitiate the air to nearly double the extent if we employ 
common gas, such as that used in Birmingham and London, that 
we require to do with Glasgow or other cannel gas, with a corre- 
sponding increase of temperature. As regards sulphur, it is even 
worse; for in common gas the average is about 30 grains per 100 
cubic feet, while with our gas it certainly does not exceed 15 grains; 
so that, for equal quantities of light, about four times as much 
sulphurous acid is produced in burning common gas as compared 
with cannel gas. This is a very serious evil, and accounts, to a 
large extent, for the comparatively limited use of gas in the better 
class of houses in London and other English towns. Then, again, 
all our gas fittings are adapted for cannel gas, and are often 
deficient even for it; and a change to gas made from common coal 
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would necessitate a complete revolution in gas-fitting arrangements. 
I think you will agree with me, therefore, that we should retain 
our cannel gas as long as we can; and my own impression is, that by 
a judicious use of a mixture of splint or caking coal with oil shales, 
together with a limited use of cannel coal, a supply of gas of 25 to 
28 candles may be kept up for very many years. Many of our 
splint coals give a gas of 18 to 20 candles, while the shales used in 
the manu£acture of oil give gas of 30 to 45 candles. The oil trade 
is at present much restricted, and shale of good quality may be 
obtained in any quantity at a moderate price. The coke of oil 
shale is almost worthless, but, on the other hand, that of splint coal 
is very supei'ior to that made from ordinary cannel coaL 

I have said that the quality of the Glasgow gas is guaranteed to 
be 25 candles, and is in practice from 26 to 28 — that is, as tested by 
the burner and in the manner described in the Glasgow Gks Act, 
1869; but when consumed in smaller burners and at higher pressure, 
the result is exceedingly different; and I have reason to believe 
that the average illuminating power does not practically exceed 
16 candles. We have here a loss of light that might be obtained by 
burners of proper construction and favourable circumstances as 
regards pressure, to the extent of about 40 per cent.; and if we 
calculate this upon the whole quantity of gas consumed in Glas- 
gow, we find it to represent a money value, at 5s. per 1,000 feet, of 
about £130,000 per annum. 

I admit freely and at once that it is impracticable, not to say 
impossible, to obtain in the every-day practice of common life 
results as good as those got by means of appliances the most perfect 
for developing the full photogenic value of the gas; but still a very 
great deal might be done to decrease the reckless waste of light 
that is constantly going on. I have no hesitation in stating that, 
without difficulty, from 20 to 2d-candle power might be obtained in 
every-day life from 26-candle gas. We are in a similar position 
with regard to various forces employed for practical purposes. It. 
is easy to calculate what power, represented by a given weight 
lifted a foot, ought to be obtained from a given quantity of water 
operating upon a water wheel; but the practical result always hMn 
iax short of the theoretical quantity. Again, the force obtained by 
the combustion of one pound of coal in the boiler of a steam engine 
is greatly less than the calculated figure. Still, meohanidans and 
mathematicians struggle on to obtain better results; and we have 
in some of the most recent forms of turbines an immense improve- 
ment on the water-wheels formerly in common use, while in the 
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Btea,m engine we have in the best kindg of compound engines an 
approach to theoretical performance which was formerly deemed 
impossible of attainment. These improvements represent money 
saved; and it is equally the case with gas, but with, this addition, 
that a decreased consumption of gas, with the same amount of light, 
would give increased healthful ness to our dwellings, where the pro- 
ducts of the combustion of gas are an evil of no small magnitude. 
Here, again, we who burn cannel gas have an immense advantage 
over those who consume gas from common coal; for the loss of light 
in their case is even greater than ours, and is probably not usually 
less than 50 per cent. The object I have in view to-night is to 
place before you the theoretical considerations connected with the 
combustion of gas, and to give a few hints as to the means of 
burning it to the greatest advantage. 

When a white porcelain slab is placed over a gas flame, a deposit 
of fine particles of carbon occurs : these particles exist in the flame, 
and the contact of the cold slab causes their instant deposition. A 
similar effect is produced by a current of cold air impinging upon 
the flame, a portion of which is thus cooled down below the point 
of ignition of the carbon, and the flame thus exposed to the draught 
smokes — that is, the finely divided particles of carbon pass into the 
air unconsumed. In ordinary circumstances the carbon is consumed 
in the upper part of the flame; and if the jet is a good one, and 
the pressure of the gas sufficient, no smoke is produced. In the 
Bonsen burner the gas is mixed with air sufficient to prevent the 
separation of the particles of carbon, and hence we have a flame 
practically valueless as a source of light, but convenient for the 
application of the heat of combustion to chemical vessels. The 
carbonaceous particles are formed in the flame by the action of the 
heat of the lower part of the flame, and the same thing occurs if the 
gas is passed slowly through a tube heated to redness, and in the 
retorts in gasworks a deposit of carbon is formed, which often 
increases to 3 or 4 inches in thickness. The source of the light in 
ordinary flames is the solid carbon, from the particles of which the 
light is radiated. Professor Frankland has shewn us that the light 
is not entirely due to this source; but for all practical purposes we 
may omit all other considerations. Now, the whole science of gas- 
lighting depends upon the burning of the gas in such a manner 
that the formation of the carbonaceous or sooty particles is fully 
developed, and at the same time fully consumed — in other word», 
to give a bright flame without smoka It was, until within the last 
few years, an accepted axiom that economy in gas lighting oould 
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only be obtained by the nse of large burners, and that in small jets 
the contact of air with the flame was snch as to ensnre a too perfect 
and rapid combustion of the sooty particles — thus giving a flame 
with, considering the quantity of gas consumed, comparatively 
little light. Thus, to quote from a carefully compiled table of 
results, 2 feet of gas burned in -& small jet (No. union) gave a 
light of 3-55 candles, or for 5 cubic feet per hour, 8*9 candles — the 
pressure required in order to consume the quantity of gas with this 
small burner being 2 inches. But the same quantity of the same 
gas in No. 1 burner, at l*3-inch pressure, gave 7*6 candles, or for 
5 cubic feet, 19 candles. No. 2 burner, at '6 6-inch pressure, gave 11 
candles, or for 5 cubic feet, 27*5; and No. 3 burner, at '45 pressure, 
gave 12*5 candles, or for 5 cubic feet 31*25. 

2 cubic feet of gas, at — 
2*0 inches pressure, No. fish-tail gave 3*55 candles, or for 5 c. ft. 8 D 
1*3 „ ,, 1 ,, 7'o ,, ,, 19 

•66 „ „ 2 „ 11 „ „ 27*5 

•45 „ „ 3 „ 12*5 „ „ 31*25 

These instructive figures I have selected from a valuable table of 
results obtained by Mr. Stewart of the Greenock Gasworks. It 
shews, apparently, that ^e larger the burner the greater is the 
illuminating power of a given quantity of gas; but it shews, also, 
what is equally important, that the lower the pressure the better is 
the result. By forcing gas through a small opening, the contact of the 
oxygen of the air becomes so intimate that an immediate combustion 
of the carbonaceous particles takes place almost at the moment of 
formation; but if allowed to escape gently, a much better result 
is obtained. I could give you many illustrations of this, but shall 
take just two from Mr. Stewart's table. The smallest, or No. 
burner, which gave such a remarkably low result, gave, with a con- 
sumption of 1*5 cubic foot per hour, a light of 4*34 candles, or for 
5 cubic feet, 14*25; tatd again, the No. 3 jet, which gave such a very 
high result at low pressure, gave, with a consumption of 5 cubic feet 
per hour, which required a pressure of 1*7 inch, only 22*5 candles, 
or little more than ^ of the power obtained at a pressure of -45 inch 
and consumption of 2 cubic feet per hour. Now, recent investiga- 
tions have clearly shewn that very fair values may be obtained even 
with very small burners, provided always the pressure is reduced 
sufficiently low to allow the gas to pass gently into the air. This 
reduction of the pressure may be effected in two ways — 1st, the 
gas may be reduced in velocity by means of a governor or regulator 
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placed at some distance from the point of ignition; or 2nd^ it may 
be effected by contracting the lower part of the burner, or checking 
the flow of gas through the burner, by stuffing it with cotton-wool, 
cloth, or iron filings, or obstructing it in some other way. All the 
patent gas-burners recently introduced are constructed upon this 
principle — all they do is simply to pass the gas into the air at a low 
pressure. 

Let us now examine some of the forms of gas jets, and let us take 
first the original burner, the familiar rat's-tail or cockspur jet, which, 
in Glasgow, is commonly used in street lamps and stair lights. It is 
made of cast-iron, bored as wide as possible throughout, leaving a thin 
shell at the top, which is then pierced with a fine orifice. I have 
tested two sizes of these burners at various pressures, and the 
experiments shew that, under any circumstances, it is impossible 
to obtain a high result. The gas used, when tested in the usual 
manner, gave a light equal to 29*24 candles. The smaller burner 
had an opening of ^ of an inch, and the larger one an opening of 
■^ of an inch. The results were these — 

6UB9EB. PSESSUItS. ^pSlt' GaS P«R HOUB. IlL. POWKK, IlL. P. PBR 5 C. PT. 

Ko. 1 '5 inch 2 inches '45 c. ft. 1 candle 111 candles 

» 1 1 » 3i .. -60 „ 1-9 „ 15-8 „ 

,. 1 1-5 „ 4J „ -90 „ 2-7 „ 16-6 „ - 

„ 2 -5 „ 31 „ -80 „ 2-8 „ 17-5 „ 

„ 2 1 „ 6J „ 113 „ 4. „ 17-7 „ 

., 2 1-5 „ 74 „ 1-45 „ 61 „ 17-6 „ 

It thus appears that with No. 1, which is, I understand, used for 
stair lights, at ^-inch pressure, not much more than ^ of the light 
the gas is capable of yielding, when properly burned, is obtained; 
and in no case more than about 57 per cent. The No. 2 jet is 
somewhat better, giving uniformly about 60 per cent, of the real 
value of the gas. 

When two rat-tail jets are held at about a right angle to one 
another, the lights coalesce arid form a flat sheet of flame. When 
this discovery was first made, two burners were fitted up in this 
way; but soon a single burner was contrived which combined the 
two, and hence was called, and is still called, a union jet, or some- 
times, a fish-tail. It is simply a short cylindrical tube with a flat 
top and with two orifices, drilled at about 90° to one another, and 
meeting in the centre. The construction will be readily under- 
stood from the sketch' suspended on the wall. A great improve- 
ment has been obtained by cutting off the metal top and substituting 
one of porcelain or earthenware, the advantages obtained being that 
the body of the burner does not heat, and particularly that the 
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orifices remain constant in size, while those of iron graduallj mst 
up, and in order to give a satisfactory light require to be occa- 
sionallj cleaned. In some cases, the entire burner is constructed 
of earthenware, or, as it is called, lava ; but I do not like these jets, 
as, when fixed in by means of white lead, they cannot be removed 
without breaking them. 

Several kinds of union burners, with obstructions to reduce the 
pressure, have been introduced. Leoni's jet is partly brass and 
partly iron, with an " adamas" or porcelain tip, and the obstruction 
consists of a thin web of cotton wool inserted above the iron part of 
the jet. This is a very good burner, but rather clumsy in appear- 
ance. Another, and, as I think, a better kind, is that called Bray's 
regulator. This has a brass body of the ordinary size, and the 
obstruction consists of a double layer of cotton cloth stretched over 
a brass ring. As I consider these the best union burners obtainable 
at moderate cost, I have selected them for a series of experiments, 
to which I shall briefly refer. Nine sizes of jets were tested, and 
each was tried at three diflerent pressures — |-inch, 1-inch, and 
l^inch. These tests were made on three diflerent days, during 
which the gas varied slightly in illuminating power: during the 
^-inch trials, it was 27*72 candles; during the 1-inch trials, it was 
29*05; and during the 1^-inch tests, it was 28*61, the average being 
28*46, or say 28i^ candles. The results obtained are represented in 
this table : — 

UNION JETS (BRAY'S REGULATORS). 



Bamer 
No. 


At )-lnch ProBsure. 


A.t l-inch Pressure. 


At li-inch Preasnre. 


Gfts. 


Power. 


Gftlcnlated 
to 6 C. FU 


Qas. 


Power. 


«C. Ft 


Gas. 


HI. 
Power. 


6 0. Ft 



1 
2 
3 

4 
5 
6 
7 
8 
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These experiments bring out very strikingly the fact that gas 
burned in small jets can only be made to give a fair amount of light 
when the pressure is low. No. 4 jet, at 4-inch pressure, bums 
2-4 cubic feet per hour, and the light, calculated to 5 feet per hour, 
is 25 candles; at 1-inch pressure. No. 2 jet bums 2*3 cubic feet per 
hour, and the light, calculated to 5 feet, equals 17*6 candles; at 
1 j-inch pressure, No. 1 jet consumes 2*45 cubic feet per hour, and 
the light, calculated to 5 feet per hour, is equal to 9*8 candles. 
Five cubic feefc of gas, therefore — 

At i-inch pressure, gives the light of 25 standard sperm candles. 
♦» * >i tt i7'o ,1 

Another very good description of union jet is that known as 
Morley's patent. This is a brass burner of rather clumsy shape, 
with ''adamas" tip, and at the bottom one or two small holes 
of about the same area as the holes in the top of the jet. Then 
there is Williamson's jet, of nearly the same shape externally as 
Morley's, but unnecessarily complicated in the mode of reducing 
the pressure. Da Costa's burner is a large hollow vase, stuffed 
with iron turnings; and there are many others, but they are all 
expensive, and their performance is no better than that of Bray's 
burner, which is retailed at 2d. each. And here I would remark, 
that none of these burners regulate the flow of gas, they only 
ohatnict it; but even this is a useful result, when the pressure in 
the main is, as it almost invariably is, too high for the economical 
combustion of gas — not the least important effect being the pre- 
vention of " hissing," which is often an intolerable nuisance. But 
when the supply of gas is defective, from the pipes being too 
narrow or in some way obstructed, the use of any of these stuffed 
burners does harm rather than good. 

Another method of breaking the pressure is, by placing a thin 
piece of platinum across a union jet. This is the principle patented 
by Mr. SchoU of London; and. the effects of his burner upon the 
light given by the common gas of London have been very highly 
spoken of by Dr. Letheby, Professor Frankland, and other eminent 
authorities. More recently, Mr. Scholl has introduced a burner 
similarly constructed, for burning cannel gas; but I find that it is^ 
better adapted for English cannel gas (20 to 23 candles), than for 
that made in the Scotch gasworks. 

After the rat-tail burner had been in use for some time, a modifi- 
cation of it, with three orifices instead of one, was introduced, and 
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this was called a cockspur jet; and another was snbseqaently 
invented, in which a series of very fine holes was placed across the 
top of the- burner, giving a practically flat flame, which was called 
a bat's-wing. This system was soon supplanted by a slit, which 
was found to answer the purpose equally well, if not better; 
and our present bat*s-wing burner is simply a cast-iron tube, 
having a top with a strait slit cut in it. This jet is also made 
in earthenware and in steatite-^a magnesium silicate which is 
indestructible by heat, and is easily turned and cut. The bat- 
wing jet is particularly adapted for large-sized burners, consuming 
from 3 to 5 feet per hour, and it requires an even lower pressure 
than the union or fish-tail jet in order to burn the gas with the 
gi'eatest economy. With a pressure of 3 J to 4-tenths of an inch, a 
bat-wing consuming 5 cubic feet per hour may be made to give, at 
least, as good a result as the best fish-tail jets; and the standard 
burner used for testing the cannel gas (20 to 23 candles) in London 
and some other places in England, is a steatite bat-wing of this kind. 
With gas of 26 to 30 candles, the union burner described in the 
Glasgow and Dublin Gas Acts, gives equally good results; but with 
gas from 20 to 25 candles, the bat- wing indicates a sensibly higher 
illuminating power. 

The great loss of light experienced when gas is consumed in 
bat- wing burners at any but comparatively low pressures, has given 
rise to many eflbrts to combine with the jet an apparatus to reduce 
the pressure of the gas, which in the gsa mains usually ranges from 
1 to 2 inches, and is sometimes even higher. Various bat-wing 
burners having obstructions, as in the case of the union jets already 
described, have been constructed, but perhaps the best of them 
is Bronner's. This is a rather wide brass cylinder tapered at the 
bottom, and having at the top a short steatite burner which screws 
in. At the lower or contracted end a piece of steatite is inserted, 
in which is an oblong slot. The gas has to force its way through 
this slot, which has a smaller area than that of the slit at the top, 
and it expands into the brass cylinder and escapes through the slit 
at a pressure of from 2 to 5-tentlis of an inch. The rate of con- 
sumption is therefore dependent on three conditions: — 1st, the 
area of the opening at the bottom ; 2nd, the area of the slit of 
the burner; and 3rd, the initial pressure of the gas. There are 
two kinds of Bronner's burners, intended respectively for common 
and cannel gas — the former having much larger openings at the 
top than the latter. Those for common gas are very much used in 
London, and are exoeedinglj effeotive; but they are of no uao 
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whatever for Glasgow or other cannel gas. There are six sizes of 
Br5nner*s burners for cannel gas, the difference being entirely in 
the area of the rectangular slot at the bottom, and there are five 
sizes of steatite tops, so that we have no fewer than thirty com- 
binations, thus affording a most extensive range of selection to 
suit any description of gas or any standard of pressure. Of the 
thirty combinations, however, I have found six to be unsuitable for 
our gas when the pressure is low (1 inch), but only one at a 
pressure of an inch and a half. The photometric results are 
contained in the preceding table. The gas used, tested as usual, 
was of 28*2 candles. 

The average of the tests at 1-inch pressure is 25*7 candles, and 
of those at IJ-inch pressure, 25*8 candles. 

The advantage as compared with seven sizes of ordinary bat- wing 
burners at the same pressure, is about 20 per cent. ; and, as com- 
pared with seven sizes of union jets, 15 per cent., but the difference 
is greatest in the smaller sizes. In eight cases at 1^-inch, and one 
at 1 inch, the results were superior to those obtained by the 
standard union jet. There are several burners of a shape similar to 
that of Bronner, in which the opening below is capable of adjustment 
by a screw. Two of these are figured in the accompanying sketch 
of gas burners. 

Another way of improving the light of gas of low quality, where 
bat-wings are used, is to use a double-slit burner. If two bat-wing 
flames are brought together, especially if the slits of the burners are 
narrow, and the pressure rather high, the sum of the two lights 
when joined is very considerably in excess of the same jets when 
separate, and the difference is usually so great as to be apparent 
to the eye without requiring the aid of a photometer. But with 
flames burning at reduced pressure, as in Bronner's burners, 
especially if the gas is of high quality, the result of joining the 
two jets is to diminish rather than increase the lights with the 
production of much smoke. 

There is just another bat- wing that I wish to mention, although 
it is not one that is of any use for such gas as we bum in Glasgow, 
but it is so valuable for common gas and particularly for aii'-gas, 
which is used to some extent in the United States and Canada, 
that I cannot omit to shew it. It is called the regulating burner, 
And was patented in the United States in 1871, and it consists of a 
rery much elongated bat-wing, with rather narrow slit, surrounded 
by a brass tube, into which a portion of the gas (the amount being 
regulated by a small screw) escapes and bums around the bat-wing, 
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the force of the gas issuing from the narrow slit giving direction to 
that burning at the top of the brass tu'be, spreading out the whole 
to a fine soft flame. 

I do not propose, on the present occasion, to take up the subject 
of Argand burners, — first, because our time will not allow me to 
describe the improvements recently introduced intelligibly; secondly, 
because the subject has been fully discussed by Mr. Kirkham and 
Mr. Sugg, of London, and the results published; and thirdly, be- 
cause our cannel gas cannot be burned profitably or conveniently 
in Argand burners, their use being entirely confined to the com- 
bustion of gas of low quality — say from 12 to 18 candles. I have 
here various forms of Argands, the improvements over the older 
forms of the Argand consisting of means of preventing too strong 
a draught in the chimney, and of preventing the escape of the gas 
at too high a pressure. Sugg's London Argand, which is now 
generally used in England for testing gas made from common coal, 
accomplishes these ends in a way that leaves little hope of any 
further improvement being effected ; and the adoption by the Elnglish 
gas examiners of this burner has raised the standard of common 
gas at least 2 candles, that is, from H to 16 candles. 

Before leaving the subject of burners, allow me to say that it is 
of very great consequence that these should fit closely, for a slight 
escape of gas at the base of the burner causes a very considerable 
loss of light, besides producing usually a most disagreeable and 
Tinwholesome odour. All burners should be fixed with white lead; 
when this cannot be had, a little yellow soap scraped off* from a 
cake recently used may be employed as a temporary expedient. 

Now, as I have already hinted, the effect of reducing the 
pressure in gas burners is only a partial cure for the evil it is 
intended to remedy ; for the pressure in the mains is variable at 
different periods of the day, and is influenced by many accidental 
circumstances, and may vary at any given place firom an inch or 
even less to two inches or even more. The consumption of gas by 
any given burner, whether stuffed or otherwise, may therefore be 
double at one time what it is at another; and, whether as a matter 
of economy or of comfort, it is most desirable that we should have 
the means of protecting ourselves from the effect of changes of 
pressure in the mains. For a great many years gas engineers and 
other experts in the science of gas-lighting, have recognised this 
as the great desideratum of gas illumination, and many regulators 
have been introduced and patented, in some of which mercury was 
employed as the regulating medium. But most of these have 
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had some defect which has caused their use to be discontinued, 
and many of them are too expensive for general usa A few years 
ago a simple form of gas regulator for street lamps was introduced, 
I do not know by whom, and various forms of it and improvements 
on it have been made by Mr. Sugg and many other practical gas 
eagineers. Of all the modifications of the instrument, the best, in 
my opinion, is that of Mr. D. Bruce Peebles of Edinburgh ; in fact, 
his lamp regulators are so superior that they are likely to supplant 
all others. Ab^eady about 9,000 of these have been applied to the 
street lamps in Glasgow, and I understand that it is the intention 
of the authorities to introduce them all over the town — the saving 
thereby effected I calculate to be about £6,000 per annum, without 
any diminution of light. The construction of the regulator will be 
readily understood by examining the instrument, and from the 
drawing upon the walL The principle is a simple one — the action 
of the pressure of the gas on a diaphragm of leather, or other flexible 
membrane, carrying a brass ball or cone placed within a socket, so 
that the greater the pressure of the gas, the smaller becomes the 
space between the cone and socket. By means of weights the 
instrument can be adjusted to work at any desired pressure, and 
the lamp regulators are usually set at '5 inch ; and one of the great 
advantages of Mr. Peebles' apparatus over all others is, that it can 
be regulated while the gas is burning. Pormerly leather, such as 
is used for the drums of dry meters, was the substance used for the 
diaphragm; but Mr. Peebles has also used bladder-skin, soaked 
in glycerine, which is found to answer the purpose admirably, 
provided the regulator is placed outside the glass globe or lantern, 
so as not to become heated. Kegulators of a larger size, suitable 
for dwelling houses, workshops, public halls, and churches, are now 
consti*ucted, and are likely to come into general use. I have had 
one attached to the meter in my own house for about two years 
and a half, and I can speak of its performance with the highest 
praise. It is set at -9 pressure, as I use obstructed burners, some 
of Bronner's, but mostly Bray's; but with common unstuffed 
burners it should be set lower, say '6 or 'S. In my own case I 
have not found the pressure on the gas throughout the house to 
vary sensibly, whether only 5 or 6, or upwards of 20 burners are 
lighted ; and the instrument appears to accommodate itself almost 
instantly to any variation in the pressure on the mains outside the 
house. In churches and public halls the. audiences are frequently 
annoyed by the jets suddenly flaring up and hissing, owing to some 
change in the pressure in the mains. Not only would such un- 
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pleasant oocnrrences l>e presented, but a saTing of at least a third 
of the gas consnmed would be effected by the use of a regulator. 
In mills and other public works, a regulator should be placed in 
each flat of the building; but for houses, churches, and halls, it is 
sufficient to attach a single instrument to the outlet of the meter. 
By the kindness of Mr. Peebles, of the Fountainbridge Meter 
Works, Edinburgh, I am enabled to exhibit various specimens of 
r^^Iators, suited to private houses, and to churches and public 
works. 

I must here notice an invention of Mr. Sugg of London, in which 
a very small-sized regulator is placed immediately below the burner 
for domestic use. These regulators differ from those employed for 
Ijunps, in so far as the up{>er side of the diaphragm- is not exposed to 
the air, and I find that they are not really regulators, as they only 
check the flame of the gas. A good street lamp regulator will pass 
the same quantity of gas within about 10 per cent., no matter what 
the pressure is, but those of Mr. Sugg intended for dwelling houses 
do not give such satisfactory results. I have had an opportunity 
of testing several of these fitted with bat-wing burners, and find 
them to give very nearly the following rates of consumption : — 

At "S-inch presrare 2 cubic feet per hour. 

>» * >» ^ >» >> 

15 .. 4 
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The performance of this apparatus, therefore, is not superior to 
that of the obstructed burners of which I have spoken. 

In all the remarks I have made hitherto I have spoken only of 
naked flames, and undoubtedly, if we wish to economise the light of 
gas jets, we should use them without globes or other glass vessels, 
which not only absorb a large proportion of the light, but very 
often are of such a shape that they produce a current which seri- 
ously diminishes the light of the flame itsel£ I find that a piece of 
ordinary transparent glass held in front of a flame absorbs about 10 
per cent, of the light, and the loss with a transparent globe, if its 
size and shape are properly proportioned, is not sensibly greater. 
Frosted globes absorb about 25 per cent, of the light, but the 
character of the illumination is improved, the light being diffused, 
and so rendered less trying to the eye. On the same principle 
large globes are better than small ones, so far as the eye is con- 
eemed; but the use of them is a luxnry that must be paid for in 
the shape of a large extra expenditure of gas in order to obtain an 
equal amount of light. I have made experiments with three nzes 
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of moons, as they are called — that is, globes frosted all over, the 
diameters being 6 inches, 7^ inches, and 10 inches, and I find that 
the loss of light is 

With the 6-inch globe 25 per cent. 
,, 7i „ 27i „ 
»t 10 ,t 38 f, 

m 

The size of the lower opening in all the globes was 2 inches, and 
that of the top was from 4 to 5 inches. In Bronner's system the 
globes are much opener below, thus preventing the draught from 
impinging forcibly upon the flame, and the top is also very open, 
the height being only about three-fourths of the diameter. This is 
an excellent shape, but I have not yet had an opportunity of 
testing a moon of this kind photometrically. I have tried what is 
called a carnelian globe, however, of this shape, and And the loss to 
be 37 per cent., which is certainly moderate, considering that the 
material is not transparent but only translucent. The best of 
shades, probably, for rooms in which there are no disturbing 
currents of air, are shallow or saucer-shaped glasses frosted all over; 
but in many apartments they cannot be used in consequence of the 
flame being blown about by currents. In shallow shades a large 
proportion of the light is reflected from the surface of the glass up 
to the ceiling, and if this is pure white, as it ought invariably to 
be, the light is thrown down upon the table and diflused through 
the room. The loss of light with globes has long been recognised, 
and various kinds of tops have been proposed in order to modify 
the current. I find that these, to be of any service, must be 
brought very close to the globe, being in 6-inch globes barely 
\ inch, and in 10-inch globes only J of an inch from the rim to 
obtain the very best effect. The saving is very considerable. In 
the case of the l^-inch frosted globe the loss of light was 27^ per 
cent., but when a mica cover was nicely adjusted to it the loss was 
only 12 per cent. With the 10-inch globe also a saving of 9 per 
cent, was eflected by a mica cover — that is, the loss of light was 
reduced from 38 to 29 per cent. 

It is of great consequence that the light should be placed as near 
as possible to the point where it is required. The whole science 
of photometry depends upon the fact that the intensity of light 
decreases as the squares of the distances. Thus a light which covers 
a space of 1 square foot, say at 1 yard distance, will cover 4 square 
feet at 2 yards, 9 square feet at 3 yards, and 16 square feet at 4 yards ; 
and as the light, which at 1 yard is concentrated upon a single 
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square foot, is at 4 yards diffused over 16 square feet, it follows that 
one square foot of the latter space is illuminated to the extent of 
just ^ of the intensity at the latter distance that it was at the 
former. While, therefore, it is practically inconvenient to have a 
gas flame too close to the eye, it should not be too far removed. 
A very good reading distance is about 3 feet, and a gasalier should 
not be removed more than 3 or 4 feet from the table, or from 
5 to 6 feet from the floor. In public buildings there is often a very 
great waste of gas by having the jets far removed from the place 
where the light is wanted, and sunlights are pre-eminent in this 
respect. 

The painting of dining rooms and other apartments in dark 
wainscot and other depressing styles, is the cause of an enormous 
waste of gas, such rooms being excessively difficult to light up, 
owing to the almost total absence of reflection by the walls and 
ceiling. Perhaps the most difficult room to illuminate, and I have 
seen many of the sort, is one covered with a dark green or crimson 
flock paper, and having an oak-painted ceiling. The depressing 
influence of such a room upon the mind is even a greater evil than 
the waste of gas resulting from the almost futile endeavour to light 
it up. 

In the case of public works the walls and ceiling should 
be kept as white as the occasional application of whitewash will 
make them; and when the lights are placed, as they frequently 
are, against the walls, they should have glass reflectors behind 
them. I have here two excellent forms of reflectors, which I have 
borrowed from Mr. M'Leod of Alston Street, one being a shallow 
concave mirror of pure silver deposited by the now well-known 
process, the other constructed of pieces of ordinary silvered glass. 

I have left myself little time to speak of street illumination, 
although it is a very important part of my subject. A large 
proportion of the light of our public lamps is thrown away, 
allowed to pass up into the air and be lost, while in the centre 
between two lamps placed, say 50 feet apart, there is a space 
the almost total darkness of which is rendered only more con- 
spicuous by the proximity of the lamps. The most successful, 
I may say the only successful, attempt to economise this lost 
light is that by Mr. Skelton, architect, of London, whose catoptric 
lamp, of which I have here a drawing, is a most ingenious and 
effective arrangement. Above the level of the flame, both in the 
sides and top of the lantern, are placed slips of silvered glass by 
which the light, that would otherwise be lost, is reflected upon the 
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ground at a considerable distance from the lamps, thus diminishing 
the darkness in the centre space I have spoken of. I have had an 
opportunity of practically testing' these lamps, and I find that at .a 
certain distance from the lamps the light is exactly doubled, and I 
understand that at a still greater distance the light is trebled, at 
least. There are two or more of these lamps in St. Vincent Place, 
and one on the Jamaica Street Bridge, at either of which places you 
can examine their performance for yourselves. The lamps are, of 
course, more expensive than the common kind, but the saving of 
light is so great that I calculate that the extra cost would be com- 
pensated for in a single year. 

The lighting of bridges is of soUie interest to us in Glasgow, 
where we have so many fine erections spanning the river Clyde. 
The lamps upon these are invariably placed upon the parapet, so 
that at least one half of the available light is lost in the depths of 
the river. This is an evil which might be mitigated by placing the 
lamps at the side of the footpath, as in ordinary streets, or by making 
the lamp-posts on the parapet in the form of a bracket, so that the 
lantern will overhang the footpath. 

And now, gentlemen, I must close my lecture with the hope that 
I have not wearied you with too much detail regarding a subject in 
which I naturally take a great interest, but which is probably much 
less interesting to you. And yet it is a matter of grave importance, 
not only as regards the immense sum of money thrown away upon 
gas rendered inefifective by improper means of burning it — a loss 
which in Glasgow alone I calculate to be equal to £130,000 per 
annum; but still more as regards our health and comfort, for a 
diminished consumption of gas would undoubtedly render our dwell- 
ings more comfortable and improve our healtL I sincerely trust, 
therefore, that my remarks this evening will have some effect in 
checking the extravagant waste going on everywhere around us, 
and conducing to the general introduction of an improved system of 
burning gas. 



Discussion ok Dr. Wallace's Paper. 

Mr. J. J. CoLXiiAH said — ^With reference to the figures which 
haye been brought before the Society by Dr. Wallace, I may 
remark, in the first ^place, that he has shewn to us clearly the 
different effects produced by using different burners. I should 
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like to remark that in Birmingham, London, and other towns 
mentioned, the gaa is tested by Argand burners, and I should like 
to ask Dr. Wallace whether the same burner has been used 
throughout the whole of these towns in reference to the figures, 
or whether he thinks the burners used in the different towns are 
such as to give the highest illuminating power. In the other part 
of Dr. Wallace's remarks I was rather surprised to hear that the 
oil trade was extinguished, and as I see several gentlemen con- 
nected with the trade in the room, I was surprised to see the 
cheerful way in which they took it. As a mere matter of fact, 
I think I can state that the largest concern of the kind in Scotland 
is now working to the full extent of its power. As a matter of 
fjEMjt, there is no evidence to prove that the trade will not recover as 
other trades have recovered. 

Dr. Wallace — Before any other gentleman speaks, I should 
like to reply to Mr. Coleman. I am glad to hear the oil trade 
is not defunct. What I meant is that in the meantime, and while 
a less quantity of shale is used for making oil, it may be used 
in making gas. Then, as regards the various towns of which I 
have spoken, there are three kinds of burners used in testing gas. 
The rule in testing gas is simply this — to use the burner that gives 
the best result. It is found that cannel gas bums best with the 
fish-tail or bat's-wing. In Glasgow and Dublin we are bound down 
to the union jet with certain conditions, but in some of the English 
towns they are bound down to use the bdt's-wing jet. A bat's- 
wing gives a somewhat better result, with gas of 20 to 23 candles, 
and therefore is used in some of these towns. When we go further 
down than 20 candles, the use of the bat-wing or fish-tail is no longer 
admissible, we must then use the Argand; and Sugg's Argand is 
almost universally used now for testing gas of low quality. It 
is the best kind of Argand that has yet been constructed. The 
rule is, unless you are bound down by Act of Parliament, to use the 
burner that gives the best result. 

Mr. Mackintosh — I am sure that all the gentlemen present 
must have been very much struck with the table shewing the 
contrast between the effect of the ^-inch pressure and the l|-inch 
pressure. What strikes me as very extraordinary is that the 
higher the pressure, and the more gas going through the meter, 
the less light we get; and the less gas there is going through the 
meter, the more light we get. 
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Dr. Wallace — That is not, exactly the case. We use different 
burners, of course, to give a larger amount passed through. But 
these are the results calculated to five cubic feet per hour. 

Mr. Mackintosh — ^With the higher pressure, is there more passed 
through and therefore paid for ? 

Dr. Wallace — Certainly, 

Mr. FouLis said — This pressure that Dr. Wallace speaks of has 
nothing to do with the pressure of the gas as it passes from the 
meter. It is the pressure of the gas at the burner where it is being 
burned. If you have a burner passing 5 feet through it at ^inch 
pressure, the burner must be larger in the aperture than if the 
pressue is 1} inch. The pressure in the street mains must be 
kept up as nearly the same as possible, in order that there may be a 
full supply. I don*t think I need add anything to what Dr. 
Wallace has said. There is no one who has given attention to this 
subject but must feet the enormous loss going on through the whole 
country from defective burners. It has received a great deal more 
attention in England than it ever did in Glasgow. In 1869 there 
was a report by the referees appointed under the City of London 
Act, and if you will allow me I will read one clause, which fully 
confirms all that Dr. Wallace has said. I don't think Dr. Wallace 
has referred to it. 

Dr. Wallace — No. 

Mr. FouLis — The report says : — " The referees adopted as their 
test-burner for common gas the one known as Sugg's Letheby 
burner, which had previously been in use at the testing station 
established by the Corporation of the City of London under the 
Act of 1860. Taking this burner as a temporary standard, the 
referees, on testing by the photometer the large number of burners 
which they had collected, found that the diversity as to illuminating 
power was surprisingly great, and such as will appear incredible to 
any one who has not ascertained the facts by careful experiments. 
They also found that the kinds of burners in common use are 
extremely defective, thereby entailing upon the public a heavy 
pecuniary loss as well as other disadvantages. In order to examine 
this important matter more fully, the referees, with the ready per- 
mission of the proprietors, inspected several lai*ge establishments in 
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the citj, where, owing to the prevalence of night-work, an unusually 
large amount of gas was consumed. The inspection in every case 
confirmed the apprehensions which the referees had formed from 
their examination of the burners which they had procured from 
the leading gas-fitting establishments. In the offices of two of the 
daily newspapers (establishments which consume more gas than 
any others), they found that the burners principally in use gave 
out only 55 per cent, of light compared with the Sugg-Letheby 
burner, or with Leoni's Albert crutch burner, and yet the price of 
the last-named burner is almost identical with that of the very bad 
burners employed in those offices. Tested by the Bengel burner, 
or Sugg's new burner, the amount of light given by these imperfect 
burners is only between 47 and 49 per cent, of what is obtainable 
from the gas. From these facts, and from many others which the 
referees could specify, it appears that an enormous waste of gas 
prevails with a corresponding pecuniary loss to the public. In the 
case of the two newspaper offices above-mentioned, it appears that 
the burners chiefly used give out only one-half of the illuminating 
power of the gas supplied to them, and for which they pay. Nor is 
this pecuniary loss the only disadvantage; for, by the burning of 
more gas than is really needed, an unnecessary amount of heat is 
generated, and the atmosphere deteriorated, rendering the condition 
of the workmen not only less comfoi-table, but also less healthy 
than it otherwise would be! The referees think it a matter of 
urgent importance that such facts should be brought to the know- 
ledge of the public. With one or two exceptions, the manufacturers 
of gas apparatus are wholly ignorant of the principles which regu- 
late the development of light from gas, and the consequence is that 
the market is filled with bad burners instead of good ones, which 
might be had as cheaply." 

Mr. W. R. W. Smith — So far as Dr. Wallace's investigations 
have gone, what is the best humeri 

Dr. Wallace — I think the best burner we can use is this one of 
Bronner; Bray's jets are certainly very far superior to the iron jets 
in use. 

Mr. Jas. R. Napier — I suppose Dr. Wallace means that the 
steatite tip does not add anything to the light, but simply makes 
the burner more enduring. 

Dr. Wallace — Just so. 
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Mr. Jas. H. Napier said lie did not think that Bronner's bur- 
ners possessed any advantage whatever over an old-fashioned iron 
burner, with a round hole in the lower part. Mr. Bartholemew, 
the former gas manager of the city, had supplied him with a 
number of this construction, many years ago, which he still 
uses — they are 1| inches long. Bronner's oblong slit at the lower 
part is clearly a difference without a benefit. The title of Dr. 
Wallace's paper being the " Economical Combustion of Gas," he 
supposed that the subject would be continued in reference to the 
heating effects of combustion ; if not he would inquire as to the 
possibility of getting cheaper gas — for heating purposes ; of con- 
verting all the coal into gas at the pits, according to Dr. Siemen's 
suggestion ; and supplying an easily managed gaseous fuel at much 
less cost than solid coal. 

Mr. Mayeb at this point suggested that the discussion should be 
adjourned till another evening, as the hour was late; but it was 
found that there was no other evening of the session unoccupied, 
and the subject was dropped. 

It was subsequently an*anged that the subject would be discussed 
at next meeting of the Sanitary and Social Economy Section. 
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VI. — On the Cubic Space and on the Volume of Air Necessary for 
Ensuring the Salubrity of Inhabited Places. By Mr. Jas. R. 
Napier, F.R.S. 



[Bead before the Society, April 1, 1874] 



Mt attention has been directed to a note by General Morin, with 
the above title, in the Comptes Rendus de r Academic des Sciences for 
4th August, 1873, the results of which are apparently at variance 
with some remarks of mine in a paper on "The Economy of Fuel in 
Domestic Ajrangements." 

General Moiin, after crediting the origin of his investigation to 
Dr. De Chaumont, proposes the following question for solution : — 
" What is the volume of air which it is necessary to introduce into 
an inhabited place, per individual, in order to maintain it in a state 
of salubrity sufficiently near to that of the external airT' And 
gives the following, as he says, necessarily approximate solution : — 



x = 



\n n/ 



m 

A. 
1^1 

w' n 



in which E is the cubic space occupied per individual. 
X, the volume of air to extract and to introduce per hour and per 
individual, in order that the proportion of vitiated air or of 

carbonic acid should not exceed a value — determined by 

n ^ 

observation. 
m, the volume of gas and of vapours hurtful to health exhaled per 
. hour and per individual. 
— the mean normal proportion of carbonic acid in air which we 

regard as pure. 
The formula, which is derived from the statement, 

"- E + »»+?^ar-ix = -,E," 
n nun 

shews, he says, "That the more the volume of inhabited places 
increases, the more tliat of the air to be renewed, in order to 
maintain a determined degree of salubrity, diminishes; but that it 
Vol. IX.— No. 1. o 
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increases inversely as the cubic space occnpied by each person is 
less." This is evident within certain limits, if the formula itself is 
correct; but I submit that there is a fallacy in it. 

If the volume of the space occupied by the individual is to be 
admitted in the estimate, the time during which the space is occu- 
pied must necessarily be an element in the statement. 

The formula as it stands, merely shews the quantity of air which 
it is necessary to introduce and extract in one hour, in order that 
at the expiry of that hour the spax?e shall be at the predetermined 
state of vitiation. For more than one hour's occupation the formula, 
with the deductions quoted above and the examples given in the 
Comptes Remlus, are erroneous. 

If it is important that the volume of the space occupied by the 
individual should be considered in the calculation, I submit the 
following as a truer solution of the question : — 
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where y is the number of hours during which the space is occupied. 
When y is infinitely great, or E infinitely little, then 

^ 1 •!> C. 

W n 

Tliis is identically Morin's formula, when E, of his formula A, is 

infinitely little, and must be the natural one for all cases, the 

capacity of the space occupied in ordinary circumstances so little 

affecting the matter that it may be safely neglected. 

A favourable specimen of pure air is generally admitted to 

4 . . 1 

contain ,^ ^^^ of its volume of carbonic acid * 

1U,UI>U 7i 

When the vitiated air of inhabited places begins to be perceptible by 

8 
its smell, it is found by authorities in the matter to contain -r— i\ 

of its volume of carbonic acid, —, 

n 

The Tolttme of carbonic acid and watery .vapour in the air at 
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temperature 60^ F., expired in an hour by a healthy subject, and 
-which requires to be removed, I assume, for simplicity, ta» be 

1 cubic foot, »». 

(The authorities quoted by Morin give 0*0323 cubic metres, which 
he uses as 0*03, or 1*06 cubic feet) With these data introduced, 

X = ^ -.^- — - ^^^. , or 2,500 cubic feet, the volume of air which 
O'OOOo — 0*0004 

requires to be supplied and extracted per hour per individual, in 

Q 

order that the air of the room may not contain more than ww^ttv of 

its volume of carbonic acid. An arithmetical solution of the 
question, without the aid of symbols, is easily seen from equation 
(C)- 



or 



4 
Thus, if the air entering an inhabited room contains -^ of its 

volume of carbonic acid and watery vapour, and if the air leaving 

Q 

it contains , the difference between these quantities must 

have been added by the occupants. And if one individual in an 

hour expires 1 cubic foot of carbonic acid and watery vapour, this 

4 
amount must be equal to . of his share of the air which passed 

through the room. Therefore — ^7 — or 2,500 cubic feet per hour 
per individual passed through the room. 



Discussion on Mr. Napier's Paper. 

In answer to a question, Mr. Napier said that he had no 
experience as to the amount of air which might be passing through 
a room, when it was so vitiated as to bo perceptible by its smell. 
1,000 cubic feet per hour was about the greatest amount hitherto 
assumed to be necessary. He thought that we could not possibly 
get too much fresh air; but that it became a very expensive 
matter to heat it to an agreeable temperature. Therefore we had 
to be content with less, or as much as we could afford to pay for. | 

Mr. Scott said,— If Mr. Napier has some hesitation in criticising 
the work of so great an authority as Morin, miysh more may such 
an one as myself. I have had an opportunity, however^ of looking 
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over Morin's paper at leisure, and am perfectly satisfied that the 
correction advocated is fully warranted by the conditions of the 
problem. 

As to the arithmetical values that should be given to the various 
expressions in the formula, opinions will differ. Carbonic acid is 
only a convenient approximate measure of the impurity of an atmos- 
phere, not being nearly so injurious itself as the organic exhalations 
by which it is always accompanied. And so long as estimates 
ditfer as to the average quantity of air respired by an ordinary 
individual in an hour, and the extent to which he loads it with 
carbonic acid in the process; and, still more, as to the proportion 
of this impurity which may safely be allowed in air which has to 
be breathed, estimates must necessarily differ as to the quantity of 
fresh air needed. 

Dr. Angus Smith says, " When in very good condition one 
may bear 4 per cent, of carbonic acid in the air for a quarter of an 
hour. It is probable, however, that to live all the twenty-four 
hours of the day in any atmosphere containing more than 1 per 
cent, would have an injurious effect on the health very rapidly. 
But leaving out all details, the great broad fact remains, that 
carbonic acid and other emanations from the body, diminish the 
blood circulation, and hasten the respiration, and this effect is 
perceptible when the carbonic acid amounts to '18 per cent., or 18 
parts in 10,000." Dr. Bmith Is filso of opinion that even 6 or 8 
parts of carbonic acid in 10,000 parts of air, would be more or less 
injurious to health. 

Assuming then, with Mr. Napier, that the maximum of carbonic 
acid which should be permitted is 8 parts "in 10,000 of air, I have, 
by an independent calculation, on data principally taken from 
Eoscoe, estimated the quantity of fresh air required at 2,500 cubic 
feet per hour, for each individual, when the apartment is to be 
occupied continuously. This is jaot wery far ^'om Mr. Napier's 
estimate based on Morin's data. 

As exhibiting the necessity lor better ventilation in the houses 
of the poor, and at the same time shewing the kind of atmosphere 
which may be breathed without killing quickly (however surely), 
the following figures may be of interest. They represent the 
results of a very extensive series of experiments made some years 
ago by Mr. Cochrane, a gentleman connected with the Ajidersonian 
University, with the view to ascertain the composition of air in 
sleeping apartments during occupation — principally between mid- 
night and 5 a.m. — ^in different classes of dwellings in the city. The 
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experiments were very numerous, and, I am assured, were made 
with the aid of the best appliances, and conducted with the greatest 
care. In the best class of west-end houses, the air was virtually 
quite pure; but in what are known as "ticketed houses," the case 
was very different. Foir simplicity's sake I have tabulated and 
averaged Mr. Cochrane's published figures, and, avoiding fractions, 
confine the present remarks to the extra number of parts of carbonic 
acid, over and above the normal quantity (between 4 and 5 parts), 
in 10,000 pacts* of air. 

Dividing the houses into three classes: — (1.) Those having less 
than the authorised number of inmates; (2.) those having exactly 
the number; and (3^) those having more than the number (or 
" over-crowded"), the extra parts of carbonic acid (principally from 
animal sources) to 10,000 parts of air were as follows : — 

(1.) Vaiying from 26 to 81, and averaging 45. 
(2.) ,^ 31 to 118, „ 48. 

(3.) „ 36 to 85, „ 61. 

One of the very worst oases was in class 1, where a room 
ticketed as sufficient for three persons was occupied by only one — 
who (as if with a laudable desire to illustrate Mr. Napier's views, 
and demonstrate the futility of trusting to the size of the room 
alone), had, by carefully excluding the fresh air, succeeded in 
obtaining an atmosphere containing no less than 85 parts (81 
extra) of carbonic acid in 1-0,000 of air^ or about twenty times 
the normal quantity. 

Professor Thorpe — In> fixing upon any standa^rd, such as 
g 

of carbonic acid', regard must be had to the circumstances 



10,000 

8 
under which that gas is produced. ^ Air containing of 

carbonic . acid would be more vitiated if produced by the respi- 
ration of human beings than if produced by the combustion of 
coal-gas, on account of the readily decomposable organic matter 
which is expired in the process of breathing. It seems remarkable 
that no exact comparison haa been made between the vitiating 
power, measured merely by the carbonic acid, of respiration and of 
the burning of coal-gas. In* his ps^per on the " Economy of Fuel 
in Domestic Arrangements," Mr.. Napier stated that jets using five 
cubic feet in an hour made the air as impure as eiglitor nine people 
would do in the same time. Now, if by impurity is meant the car- 
bonic acid produced by the two processes, it is a matter of simple 
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arithmetic to calculate tlie relative degrees of vitiation. I would 
Jiavo instituted the comparison between expired air and Glaf^gow 
■coal-gas, but the average composition of this gas was unknown to 
mo. Dr. Wftllace would doubtless have been kind enough to give 
me the requisite data, but I had not time to apply to him. I have 
therefore taken the average composition of Manchester coal-gas as 
my starting point. The results will thus perhaps be more generally 
true, as this gas, although much poorer in hydrocarbons than our own 
gas, would more nearly represent the average composition of coal- 
gas in general. 

The composition by volume of Manchester coal-gas has been 
stated as follows : — 

45-58 
34-90 
C-G4 
4-08 
2-38 
0-29 
2-46 
3-67 



Hydrogen, . 
Marsh Gas, 
Carbon Monoxide, 
Ethylene, .. 
Tetrylenc, . 

Sulphuretted Hydrogen, 
Nitrogen, . 
Carbonic Acid, . 



100-00 



I find that 100 litres of thLs gas would require 07G kilos, of air to 
bum it completely, and produce 0*107 kilos, of water, and 0*124 kilos, 
of carbon dioxide. Turned into British weights and measures, this 
would mean that 5 cubic feet of coal-gas would give about 6^ cubic 
feet of water vapour and 3y\y cubic feet of carbon dioxide. Now, an 
individual expires about half a litre of water in 24 hours — that is to 
say, if all the moisture in one's breath were condensed to water, its 
volume would amount to half a litre. This, in round numbers, 
would be equivalent to 1 cubic foot of watery vajwur per hour. 
Dr. Angus Smith gives the amount of carbon given out in a day by 
the lungs as 7*55 ounces: this would be equal to 35*4 grams of car- 
bon dioxide, or 18 litres ; or, in round numbers, about ^^ of a cubic 
foot per hour, on the supix>sition that the amount of carbonic acid 
is distributed equally over the 24 hours. It would thus appear that 
5 cubic feet of gas do as much injury, measured by carbonic acid, as 
five individuals. This may be expressed by saying that two gas-lights 
do as much harm, so &r as carbonic acid is concerned, as five 
jiersons. It is worthy of note that the relative amount of carbonic 
acid and aqueous vapours produced by breathing and by the com- 
bustion of gas 18 veiy nearly the same. 
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VIL — On the Effect of Loch Katrine Water on Galvanized Iron. By 

Mb. James H. Napieb, F.RS. 



[Read before the Society, AprU 1, 1874] 



Pabt of the cooking machinery recently described in a paper on 
" The Economy of Fuel in Domestic Arrangements " consisted of 
a peculiarly-shaped kettle and a water-heating vessel or boiler. 

I was aware of the fact, that tinned iron decays very rapidly 
when water gets access to the iron, at however small a point ; and 
that it is very difficult, if not impossible, to procure iron so 
thoroughly tinned that no points of iron are exposed. I desired 
to have a cheap kettle and water-heater, and at the same time save 
an expensive renewal of either. I was advised to try galvanized 
iron in preference to tin, on account of the different electric positions 
in which tin and iron, and zinc and iron stand. In the tinned 
iron, the iron dissolves, and the tin remains unaffected when both 
are exposed in contact in water : wo then have rusty water-making 
inky tea and coffee. In the zinc-coated iron the zinc dissolves, and 
the iron is preserved when both are exposed in contact in water. 
It did not occur to me, however, to inquire what would become of 
the dissolved zinc, or if it was injurious to health. I assumed that 
iron was as thoroughly coated with zinc by the so-called galvanizing 
process as it was with tin by the tinning process ; and from the 
fact that the highest chemical authorities state that pure zinc is 
insoluble in pure water, inferred that there would be no dissolved 
zinc to trouble one for years. 

I inferred also, from seeing so many iron vessels coated with zinc, 
and used for ships' water tanks, and many domestic purposes, with- 
out any notice or warning of their unsuitableness or unhealthiness, 
that there was little or nothing to object to in their use. The fact, 
however, is otherwise. The zinc with which iron goods are coated 
in the galvanizing process, dissolves very rapidly from such goods 
in Loch Katrine water. The water in my kettle becomes quite 
milky while remaining ten or twelve hours in it, little floculent 
matter appearing all through it. Lpch Katrine water left for a 
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night in a new, that is, in a previously unused galvanized iron 
bucket, has the same floculent matter in it. I infer, therefore, that 
galvanized iron vessels are wholly unsuitable for water tanks or 
cooking utensils, using such water as Loch Katrine supplies, unless 
some unreported or unexplained manipulation is previously resorted 
to, which prevents the action referred to above. 

Discussion on Mb. Napier's Paper. 

Mr. Mater — Perhaps the milJdness is due to a carbonating 
process going on in the water. 

Professor Thorpe — In answer to Mr. Mayer, I may say that 
this milkiuess is due to carbonate of zinc. However long the 
water is kept in contact with the zinc the action will go on, pro- 
vided air has access to the water. Lead gets a thin coating of 
oxide and carbonate which protects it, but this apparently is not 
the ease with the zinc 

Mr. Napier — Is it poison ? 

Professor Thorpe — Yes ; it is poison. 

Mr. Whitelaw — My attention was called to this some time ago, 
from seeing action go on in a galvanized iron pail, when alkali was 
put in it. In a porcelain vessel the action of caustic alkali on zinc 
is not powerful, but immediately on putting in a handful of iron 
nails, powerful action, ensues, and hydrogen is given off, shewing 
that water is decomposed by the formation of oxide of zinc, which 
com bines with the alkali, forming a zincate. 

When caustic soda is fused in an iron ladle, and a piece of zinc 
introduced, very energetic action takes place. 

Mr. Napier afterwards shewed some pieces of a boiler given him 
by Mr. Norman, which had been originally coated by the galvan- 
izing process, but which in the course of eighteen months had 
entirely lost the coating of zinc, and the iron had also been corroded. 
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VIII. — On the Methods in use for determining the Value of Animal 
and Vegetable Oils. By Mr. J. J. Coleman^ F.C.S. 



[Read before the Chemical Section of the Society, Jan. 12, 1874.] 



It is not easy to get at an accurate statement of the number of the 
fixe^ oils having a vegetable or animal origin, and which, having 
been examined or brought into use, have been found to differ from 
each other more or less in physical constitution or practical utility. 

Watts enumerates, in his C/iemical Dictionary, forty-nine vege- 
table oils, eleven fish oils, and five animal oils, making a total of 
sixty-five. This list is defective, as it does not include some 
Indian products shewn in the Exhibition of 1851, nor do we find 
the oleins obtained from tallow or cocoa-nut oil alluded to. 

Each of these fixed oils have some distinguishing characteristics. 
Having a generally family resemblance — no two are exactly alike. 
Upon the possession or non-possession of certain valuable qualities, 
esteemed by consumers of oil, depends, the practical applications of 
the oils, checked, however, from time to- time by the relative scarcity 
or abundance of the oil^ these two considerations establishing the 
market value. 

Accordingly, we find upon examining brokers' circulars or Board 
of Trade returns for the last five or ten yeai*s back, one particular 
class of oil having an average yearly value of, in round numbers, 
£95 per ton, represented by sperm oil; a second class, £60 per ton, 
represented by animal oleins; a third class, £50 per ton, repre- 
sented by the various qualities of olive oil; a fourth class, £40 per 
ton, represented by rape oils ; a fifth class, £35- per ton, represented 
by the drying oils; and a sixth class, about the same in price, repre- 
sented by the stinking fish oils. 

So great relative variations in price amongst the difierent classes 
enumerated shew that, for practical purposes, they difi'er very much 
in utility ; and we can scarcely suppose that the dealers in and con- 
sumers of oil, who have something considerably more than 100,000 
tons, or 25,000,000 of gallons, passing through their hands yearly, 
of the aggregate value of at least five or six millions of pounds 
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sterling, can preserve such class distinctions amongst oils, year after 
year, without some solid basis, wliich deserves the careful attention 
of the chemist. 

And these differences in the properties of the fixed oils is by 
no means always dependent upon the mucilaginous, albuminous, or 
odoriferous impurities they contain. There are actual differences in 
the properties and perhaps constitution of the olein, palmitin, or 
stearin of which they are constituted, more especially, perhaps, in 
regard to their susceptibility of ready oxidation by atmospheric 
oxygen. 

The precise nature, however, of the variations in the proximate 
principles of oils is very little understood; indeed, if we had accu- 
rate knowledge on the matter, we might be able perhaps sooS to 
boast of being able to make a commercial analysis of oil of some 
value. As the matter now stands, in reference to detecting 
adulteration of animal or vegetable oils, all we can boast of are a 
few empirical tests, some of them of doubtful character, by which 
the absence of certain oils in mixtures can be sometimes inferred, 
and in a few cases the proportion in which they exist can be 
roughly guessed at. 

When we consider the labour and perseverance required in order 
to get thoroughly acquainted with the individual characteristics 
of the chemical elements, it is obvious that, to get similarly 
acquainted with the characteristics of the fatty oils, which are of 
greater number than those of the elements, is no light task. 

I therefore propose to point out, in a subsequent part of this 
paper, how, in the examination of commercial oils, we can much 
simplify our work by eliminating all such oils, as, by reference to 
brokers' or merchants' circulars can bo proved, have over a series of 
years been always dearer than the supposed oil under examination. 
It may be taken as a commercial maxim that no man adultei-ates 
for the benefit of the public when it entails loss to his own pocket. 

Before going further into this part of the subject, it will be 
advisable to pass in review the chemical and physical tests which 
have been proposed for detecting adulteration in oils. 

Colour Tests, 

The most elaborate work in thiB direction was undertaken by the 
late Professor Calvert, who studied the action of acids and alkalies 
of different states of dilution upon oils, in special reference to the 
ooioor and appearance of the mass, formed by combining one pai-t 
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of the reagent with five parts of oil (at normal temperatures in 
the case of the acid, at boiling temperatures in case of the alkali). 
The reagents Calvert used were — 



r Caustic Soda, of . 




1-340 Sp. Gr. 


^ Sulpbaric Acid, 




1-475 „ 


3** ditto, 




1-530 „ 


4^ ditto. 




1-635 „ 


6« Nitric Acid, 




1-180 „ 


6« ditto, 




1 -220 „ 


7** ditto, 


• • 


1-330 „ 



8^ The product of No. 7 treated with twice its bulk of Solution Caustic 
Soda and boiled. 
« 9. Mixture of concentrated Sulphuric and Nitric Acid. 

10. Aqua Regia. 

11. The product of No. 10 treated with twice its bulk of Caustic Soda 

Solution and boiled. 

12. Syrupy Phosphoric Acid. 

Calvert furnishes us with tables of results comprising 180 re- 
actions, the observer to notice various shades of colour produced. 
The colours in a few cases, as in the reactions with fish oils, are 
decided and marked, but a large number of them appear to be of a 
very nondescript character, such as brownish, greenish, yellowish, 
dirty white, dirty green, slight yellow, <fec. 

The observer has also to observe the fluidity or non-fluidity of 
the mass, resulting from the action of caustic soda upon the oil. 

Now, on examining Calvert's tables, it will be observed that he 
only experimented with fifteen oils, those very important commer- 
cial oils — tallow, olein, and cotton-seed oil — being entirely omitted, 
besides about fifty others of minor importance. It is sufficiently 
formidable having to study Calvert's 180 reactions, especially when 
we take into account the great prevalence of partial colour blind- 
ness ; but the task becomes very formidable if it becomes necessary 
to acquaint ourselves with the colours which would be produced in 
similar circumstances by the half-hundred or so of other oils not 
included, and which may probably give reactions which might be 
confused with those ei the oils already examined. 

I feel also inclined to think that many of the colours produced 
may be owing to the presence of more or less mucilaginous matter, 
or small portions of the inspissated juices of the plant or animal 
which really have no great bearing upon the genuineness or 
adaptability of the oil for the purpose for which it may be required. 
Calvert himself does not state whether he used refined oils or not. 
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Thus, rape oil is used by the public both refined and unrefined, 
the latter being called brown rape or sweet oil ; and the olive oils 
are generally used unrefined, though olive oils refined as white as 
water, are known in the market. The particular extent to which an 
oil is refined will probably give great variety of shades. Thus, I have 
noticed a refined rape oil from Germany give, with the 1*635 sul- 
phuric acid, quite a different colour from a sample from Belgium; 
still there was enough evidence of other kinds to convince me both 
oils were genuine; and precisely the same remarks apply to two 
samples of cotton-seed oil, one refined in the United States, the 
other refined in England. 

Calvert states himself that tbe colour test is not applicable 
for detecting some oils. In dealing with a supposed mixture of 
lard oil and rape oil, he says, the colour reactions not being decisive, 
one conclusive test will distinguish them — viz., that after treatment 
with aqua regia and subsequent boiling with caustic soda, lard oil 
will give a fluid mass and rape oil a fibrous mass. Now, I repeated 
this experiment not only with lard olein, but with tallow olein, 
and found that the caustic soda gave even a more fibrous mass with 
tallow olein than with rape oil, although his remarks about lard 
olein are quite correct; but this experiment shews that his tables, 
to say the least, are very defective, and in this particular case worse 
than useless, without some other tests, inasmuch as an animal olein 
of equal value to lard olein gives the characteristic reaction of 
rape oil which Calvert relies upon. 

However, some of Calvert's more marked reactions are some- 
times useful and valuable as adjuncts, and the special cases to 
which they apply will be referred to shortly. 

M. Heidenrich, M. Penot, and. M. Marchand; have also proposed 
colour tests firom the reaction of concentrated sulphuric acid upon 
oils, employing only a few drops of the oil placed upon a porcelain 
plate; but these methods are open^ to the same doubt and un- 
certainty as those of Calvert, particularly to the extent or nature 
of the colouration depending upon the accidental impurities of 
the oil. 

Thermometric Teata^ 

A method of distinguishing fatty oils- by the difference in the 
amount of heat produced by mixing one part of sulphuric acid with 
three parts of the oil to be tested, was suggested by Maumen6 and 
elaborated by Fehling. The idea is pretty, easy of execution, and 
interesting in results. 
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a certain length of time characteristic of each oil, the mass enters 
into active combustion. Mr. Galletly's figures are as follows : — 





h. m. 


Boiled linseed, . 


1 15 


Seal oil, • . 


1 20 


Raw linseed, 


4 


Lard oil, 


4 


Gallipoli olive, . 


6 


Befiaed rape, . 


9 (about) 



Equal parts mineral oil and seal oil refused to ignite. 

I repeated Mr. Galletly's experiments with the special view of 
studying the action of mineral oil in preventing or retarding the 
combustion; and the results I attained were as follows, special 
attention being also directed to the effect of substituting wool or 
jute waste for the cotton. Mr. Galletly's experiments were made 
between 130° and 170° Fahr., and mine between 180° and 200° 
Fahr: — 





b. 


m. 


Seal oil on wool, ..... 


3 





Whale oil on wool, . . 


3 


15 


Whale oil on cotton, .... 


3 





Whale oil on jnte, .... 


9 





Olive oil on cotton, .... 


4 





Oleic acid on wool, .... 


13 





Olive oil with 20 per cent, mineral. 


8 






The following mixtures refused to ignite after twenty-six hours* 
exposure : — 

Equal parts olive and mineral oil on cotton, 
whale and mineral oil on jute; 
seal and mineral oil on wooL 
oleic acid and mineral oil on wool. 

Oleic acid with 20 per cent, mineral oil on wool 



»i 



ft 



tt 



a 



>» 



Thus it was rendered evident that the addition of mineral oil to 
animal and vegetable oils, has so powerful an effect in retarding 
oxidation (which is presumably the cause of spontaneous ignition), 
that the presence of even 20 per. cent, delays combustion some 
hours, whilst 50 per cent prevents it altogether. 

Drying Properties, 

The relative drying properties of oils is a most imi)ortant point. 
All oils above the value of rape oils are considered commercially as 
non-drying oils; but there is much reason to believe that the 
transition from drying to non-drying oils is not so clearly marked 
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as is sometimes supposed. The order in which the drying properties 
gradually develop themselves is somewhat as follows: — ^Animal 
oleins, olives, Lisbon seed, rapes, ground nut, sunflower seed, 
cotton seed, poppy seed, and other fancy seed oils, and finally, linseed 
oils. This excludes the flsh oils, which constitute a class by them- 
selves, and which are generally supposed to be non-drying. 

Under the name of fietncy seed oils, I include a number of oils we 
know little about, and which have generally more drying properties 
than rape oil, and less than linseed oil. Cotton-seed oil is the chief 
representative of this class of oils; and they seldom reach the con- 
sumer under their proper names ; but are used, on the one hand, 
to adulterate the so-called non-drying oils — olive and rape, thus 
making them clog or gum, which interferes with their uses for 
lubricating machinery, burning in lamps, &c. ; or, on the other 
hand, for adulterating linseed oil, which they injure also in another 
direction, by spoiling its drying properties for paints and varnishes. 

How fiu: the drying of oils is to be measured by their relative 
powers of absorbing oxygen is an interesting chemical question; and 
is worthy of a systematic course of experiments, which perhaps I or 
Mr. Galletly, who entertains the same views, may be able to accom- 
plish at some future time — either by actually weighing the oxygen 
absorbed, under similar circumstances, by pure specimens exposed 
to, say, a temperature of 200° Fahr. in thin layers, or by the use of 
some oxidising agent. 

As to the practical methods of judging of the more or less drying 
properties of oils, we have — 

laL The nitrate of niercuiy test, which indicates, by the con- 
sistency of the mass subjected to the reaction, the greater or less 
drying properties of the oil under examination — rosin oil, mineral 
oil, and the drying oils proper, refusing to solidify, whilst the so- 
called non-drying oils solidify by the formation of elaidin. 

2nd. The method of comparing a sample under examination in a 
shallow capsule to 200* Fahr. with a similar quantity of similar oil 
known to be pure. 

3r(/. The imbuing thick white blotting paper with the oil under 
examination, and comparing it with a similar experiment with 
known pure oil at, say, a temperature of 150' to 200' Fahr., for 
some hours, or at ordinary temperatures for some days. 

Speafic Gravities. 

"We now come to the question of specific gravity. Tlie taking of 
the specific gravity of an oil is one of the very first of the ideas 
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which will occur to a. chemist as a means of identification; and 
accordingly we find accurate experiments have been made in this 
direction with most of the animal or vegetable oils, and by a great 
number of persons, so that most chemical or technological books 
contain clear and valuable information on the point. 

Accurate determination of the specific gravity of oils is of conse- 
quence ; and I have often had occasion to remark the very slip-shod 
manner in which oil merchants deal with the matter. 

They generally employ an instrument called an oleometer, marked 
with some arbitrary degrees, certain figures standing for particular 
oils marked on the stem. The defect of this instrument is its long 
range. From the limited length of the stem small difierences in 
specific gravity escape notice. 

The oleometers used for testing oils should be marked with the 
ordinary specific gravity degrees, water being 1,000, and the space 
allowed on the stem for each degree should not be less than 1-1 Gth 
of an inch. 

This may necessitate the employment of two or three\glasses for 
specific gravities, ranging between '880 and the heaviest of oils. Too 
long a stem is inconvenient, especially when we have only sifiall 
samples of oil to be. tested. Our oil merchants are also apt to be 
careless about the temperature at which the specific gravity requires 
to be taken, viz., 60' Fahr. As a rough rule, for tempei*atures near 
to 60' Fahr., it is sufficiently accurate to allow 1' decrease of spe- 
cific gravity for every 2J per cent, excess of temperature above 60**. 
The fatty oils do not, however, expand quite equally, so that it has 
been proposed to compare specific gravities at some high point, say, 
212' Fahr., as a means of detecting adulterations. 

This suggestion may be valuable as an adjunct to other methods, 
but does not afford much hope of being reliable of itself. 

The rule of adding 1' in specific gravity for every 2 J** temperature 
above 60** Fahr., and vice versa^ subtracting P from the indicated 
specific gravity for every 2 J** below 60° Fahr., is sufficiently accurate 
for ordinary purposes. 

Mineral and Rodn Oils. 

We have now discussed the methods which have been suggested 
as means of detecting adulteration in animal and vegetable oils ; but- 
before proceeding to the consideration of their' applicability to 
individual cases of supposed adulteration, we must first, as- an 
indispensable preliminary to any investigatipn of the sort, prove the 
absence of mineral and rosin oils firom the samples under examina- 
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tion. The presence of mineral oil in a mixed oil submitted to tlie 
chemist for examination must not be considered as an adulteration, 
if the oil is sold as a prepared spindle, machinery, or engine oil. 
In such a case the mineral oil is probably a valuable constituent of 
the oil, and is added for the purpose of reducing the tendency to 
gumming common to many fatty oils, or else with th« direct pur- 
pose of reducing the viscosity of the oil, so as to enable it to work 
freely upon certain classes of machinery. This prepared or mixed 
oil trade is legitimate. When, however, oil is sold as a pure animal 
or vegetable oil, and contains mineral oil, then it becomes a case 
of adulteration. 

Whether the presence of mineral oil be legitimate or not in the 
sample- under examination — if it does exist, then there are great 
difficulties; for, unfortunately, when mineral oil is once mixed with 
a fatty oil, we have no easy method of separating it without actual 
destruction of the fatty oil, and its presence prevents the identifica- 
tion of the particular fatty oil. Saponification naturally suggests 
itself, but practically the process is not efficient; for mineral oil 
u^tes with the soap produced, whether mechanically or chemi- 
cally does not seem clear; at any rate, mineral oil forms an emul- 
sion with soap solutions — which frequently shew no signs of 
separation after standing for weeks or months. 

Perhaps the formation of a lime or other earthy soap, and its 
reduction to powder, and the subsequent extraction of the hydro- 
carbons by a volatile solvent, might afford some result both 
with mineral and rosin oil. But the most satisfactory method 

. would probably be an ultimate chemical analysis, as the presence 
of mineral or rosin oil hydrocarbons must wonderfully alter the 
relative proportions of carbon, hydrogen, and oxygen in a fiettty 

■ oil. 

In practice, however, mineral oil can be easily detected by two 
characteristics: — Firstly, The fliLwrescent proi)erties it imparts to 

' all animal or vegetable oils; and. Secondly y the strongly marked 
aromatic burning flavour it communicates to mixtures contain- 
ing it. The first-mentioned property is brought out by smearing a 
metallic surface, such as tin-plate or steel, with the oil, and then 
viewing it at different angles in the. open air or sunlight. So 
characteristic is this, that most mechanics who use oil, can detect 
mineral oil at once, even when present in very sn^all quantities. 

If, however, a chemist gets a dark-coloured oil to examine — for 
instance, a dark Galiipoli or brown rape — it may be necessary to 
refine the* sample by successive treatments with concentrated sul- 
Vol. IX;— No. 1. h 
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phuric acid and weak soda solntion, or lime water (in the way oils 
are nsuallj refill). Mineral oil can then be detected in the sample 
(which can he beared by filtering through cotton wool) hj a pale, 
azare bine ring, aboat the sixteenth of an inch deep, at the junction 
of the surface of the oil with the sides of a glass jar — the jar being 
held on a level with the eye, and the line of vision being at right 
angles to the beam of light. On looking from below upwards 
through the oil, the TUkder porti<»i of the svrfiMe of the oil exhibits 
a similar beautiful pale azure blue jAeen. 

It is easy to detect as small a quantity as 2^ per cent, in &tty 
oils by this method, combined with the tasting of the oiL Mineral 
oil may be sometimes detected by the smell; bat this must not be 
depended upon, as recent improvements in the manufacture of oils 
have rendered it nearly odourless. It should, however, be remarked 
that the presence of traces of nitrobenzol or analogous substances 
masks the fluorescence natural to mineral oils. 

The absence of rosin oil must also be proved. The action of 
lutric acid upon the oil at ordinary temperatures is a test sometimes 
used — ^the eoloor developed being said to be much greater when 
rosin oil is present than when absent. This test, however, I have 
not found very satisfactory. The presence of rosin oil, even only 
to the extent of 10 per cent., in an oil which would produce solid 
elaidin by the nitrate of mercury test, has the effect of retarding 
or preventing the solidification which would otherwise occur with 
pure oil subjected to the test 

The importance of being sure of the absence of mineral or rosin 
oil before proceeding to test speeific gravities, cannot be too much 
insisted upon, because mineral oil, ranging in specific gravity be- 
tween '800 and '900, and rosin oil being neaHy 1*000, adjustments 
in specific gravity resembling the gravity of the natural oils can be 
easily effected^ so as to completely upset all oar subsequent classifica- 
tions dependent upon specific gravity. 

Cldss^ication/sr Pfxtetieal ExammaUcns, 

We BOW proceed to an attempt to classify oils on the principles 
indicated in the eaiiier part of this paper. 

Class I. contains only one member — sperm oil — ^which, for a long 
series of years, has held the position of being the dearest oil in the 
market. Its commercial value is dependent upon the fact that only 
8,000 tons are imported annually into this country; and, secondly, 
upon the fact that^ for a particular class of work — viz., the greasing 
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of spindles of cotton, woollen, or worsted mills, it has been found to 
answer better than any other vegetable or animal oil. 

Now, the two reasons which appear to establish the efficiency of 
sperm oil for this particular purpose are, the small viscosity of the 
oil, combined with its freedom from all tendency to gum or dry on 
the machinery. 

A cotton spindle is sometimes scarcely larger than a big penholder, 
and there are sometimes, say, in one mill, 40,000 or 50,000 of these, 
revolving at the rate of from 2,000 to 10,000 revolutions per minute. 
It is obvious that the great viscosity of the other fatty oils, if used 
for greasing them, would offer a resistance to their motion of no 
mean character. Accordingly we find oils which would suit an 
engine or big shafting, when applied to the bearings of a spindle, 
necessitate the employment of much more power, and, as a necessary 
consequence, the consumption of more coals than is required when 
sperm oil is used. 

Now, the quantity of sperm oil coming into this country is far too 
small to supply even a fraction of the spinning mills of the United 
Kingdom : even twenty years ago the scarcity was felt, and the price 
reached 20s. per gallon. The great substitute for sperm oil in 
our days, for this special purpose, is mineral oil, which, by suitable 
combination with other oils, produces a product which is of that 
small viscosity or limpidity characteristic of true sperm oil — so that 
now we find most spinning mills using such preparations. 

From its scarcity and high price, sperm oil is liable to adultera- 
tion. The oils known to be lighter than sperm oil in specific 
gravity are certain mineral oils, and an oil which comes in small 
quantities into this country as African fish oil ; whilst, on the other 
hand, the oils known to be heavier than sperm oil are all the other 
fifty or sixty oils known in commerce, most of them fully 30^ or 40° 
heavier in specific gravity. 

The specific gravity of sperm oil is stated in chemical books to 
be '875 ; but the assertion is made by dealers that the young fish 
give a lighter oil than the old fish. Three principal refiners of sperm 
oil — viz.,Langton & Bicknell and Millers, of London, and Walls & Co., 
of this city — are supposed to be reliable; and I have found samples 
of guaranteed genuine oil from them stand *S82, or thereabouts. 

Whether this must be considered correct is an open question ; at 
any rate, it is clear that sperm oil should never be heavier in specific 
gravity. 

The specific gravity being correct, does not necessarily imply the 
genuineness of the oil^ because the specific gravity could be adjusted 
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by mixing African fish oil, or mineral oil, with some of the heavier 
oils. In examining sperm oil it is necessary, therefore, to note the 
following points : — 

IsL To examine for mineral oils. 

2nd. To examine into the drying properties of the oil, which is 
best done by exposing to 200" Fahr. in thin layers, or by the use 
of bibulous paper. 

Zrd. That the other fish oils darken much more notably than 
sperm oil, when shaken up with dilute sulphuric acid. 

Ath, That the most likely adulterant is African fish oil, which 
produces intense heat when mixed with concentrated sulphuric acid ; 
thas, a mixture of one part of acid and four parts of oil produces a 
development of heat equal to about 112" Fahr., against a development 
of heat equivalent to upwards of 250° Fahr. with the African fish oiL 
(The specific gravity of this African fish oil is '866, and it is a very 
bad lubricant.) 

bth. That as the use of sperm oil is dependent upon its viscosity, 
an accurate test thereof in a suspected sample may be usefrd. 

Class II. comes next in value to sperm oil, — liz., the oleins 
obtained by pressure, hydraulic or otherwise, frt>m animal fistts, 
and known in the market as tallow olein, lard olein, and 
neatsfoot oil. These oils have their market value established 
by the flact that, whilst being of good heavy viscosity, they are 
practically free from tendency to gumming or clagging by the 
absorption of atmospheric oxygen. In consequence they are 
adapted for wool greasing, greasing engines and machinery of a 
heavy character. They are, however, generally too dear for wool 
greasing, and their use is almost confined to machinery purposes. 

Now, with respect to neatsfoot oil, its importance is very much 
exaggerated in chemical books. It is only produced in very insig- 
nificant quantity; and, from its strong smell and its dark colour and 
high specific gravity, it is of all other oils the most unsatisfactory 
to examine and report upon ; and there is much reason to believe 
that the name neatsfoot oil is used merely as a cover for mixtures 
of very inferior oils, flavoured with a small dash of fish oils. 
Practically, I believe the grease from which neatsfoot oil b pro- 
duced is generally passed on to the soap matter — very little neatsfoot 
oil being found in the market. Further, it must be observed, that 
what ifl really valuable in neatsfoot oil is the olein expressed frt)m 
it, which forma but a small percentage of what is known as neats- 
foot oO. 

It is otherwise, however, with tallow and lard oleins, especially 
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the latter, which is of very great commercial im'poHance, and both 
of them are quite equal to neatsfoot oil in praetical \HiHty. 

In examining these oils, we have, firstly, variatidn«*>n quality, . 
produced by carelessness in manufacture — viz., the oil .beitig dark- 
coloured, for both should be nearly white, or toa great smell; for 

« 

they should both be nearly odourless, especially the lard- 'oil, .or 
else they may have an acid reaction, owing to slight rancidity, -^ti^ 
applies more particularly to tallow oil. Secondly, we have tnef/. 
variations in quality produced by adulteration, which will be in the , . -.• 
direction of the non-drying properties of the oil being interfered .' . 
with. 

The first step ia examining either lard or tallow oil is the specific 
gravity, which in both oases should be '910.- If the oil is heavier, 
it may contain fish oils, seed oils, or olive oil, or cocoa-nut 
olein. 

Olive oil and fish oils could be detected by the smell, or by 
Calvert's colour tests ; so that the real difficulty lies with the seed 
oils — one of which,, r^e oil, is nearly of the colour and exactly of 
the specific gravity of animal oleins. 

It will be found, therefore, that if a sample of animal olein be 
too heavy in specific gravity, it will probably contain some of the 
partially drying oils (of which the chief representative is cotton-seed 
oil), ranging in specific gravity between '920 or '930: The Americans, 
indeed, who send over immense quantities of lard oil, actually do 
adulterate with cotton-seed oil to a large extent;. and one can almost 
calculate the percentage in the oil by the increase of specific gravity ; 
and the same remark applies to adulteration with a great number 
of other seed oils. 

Those seed oils which cannot be detected by variation in the 
specific gravity are — rape oil, henbane seed oil, horse chestnut oi?, 
plum kernel oil The three last may prob^tbly be disregarded ; so 
that the chief point is the detection of the rape oil, for whidi three 
processes may be mentioned.. 

\8t. Heating the oil to 400° Fahr., and allowing it to cool to 90° 
Fahr. Tallow and lard oil are rendered odourless, whilst the 
peculiar penetrating smell o£ rs^e oil is developed. 

271^ One part by. weight of the oil to be tested is mixed with 
three parts by weight of concentrated sulphuric acid, and the heat 
developed is compared with that developed by a similar experiment 
made with pure oil. 

3r(f. The nitrate of mercury test is said to detect any drying oil 
present in animal oleins. 
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Finally, in regard to these animal oils, lard oil is distinguished 
from tallow plein by the diflference in viscosities.* 

Class III'v . The next class of oils in descending value, and which 
we may cbll Class II L, are the olive oils. They are known in the 
mairk^et under the name of Ga]lipoli, Sicilian, Spanish Mogadore, &c., 
according to the port from which they are shipped, and they vary in 
eol^ixr from a fair yellow to a deep oUve green, and in smell from 
the fiur smell of salad oil to the powerful odour of the dark-coloured 
t^arieties. 

Their commercial value is fixed chiefly by the fact that, possessing 
most of the good qualities of the animal oleins, as far as being non- 
drying oils, they are, with the exception of the finer qualities, 
sometimes inferior to the animal oleins in colour, smelly and con- 
tamination with mucUaginous and sugary substances, obtained from 
the juices of the plant. 

There is one specific reason why olive oils preserve their value, 
— that is, the dictum of the Insurance people, who lay down the law 
that olive oil is the only oil allowed to be used for greasing wool, 
unless an extra premium be paid. This dictum is absurd, as all oils 
should be admitted into mills on an equal footing. 

The Fire Insurance Companies say olive oil is the safest; but the 
experiments of Mr. Galletly and myself contradict this. The result 
of this state of afiairs is, that of the 30,000 tons or so of olive oil 
imported annually, about one-half probably goes into woollen mills 
for greasing woo], and that cheap seed oils are sent from this coun- 
try to the Mediterranean, where they are said to get mixed and 
returned to us as inferior qualitieeT of olive oil, — thus evading the 
regulations of the Insurance people. The annual circulars of our 
London brokers reveal the fact that immense quantities of cotton- 
seed oil are sent annually from this country to the Mediterranean. 

The variations in quality of olive oils are, firstly, those depending 
upon the way in which it is expressed or manufactured (one of the 
chief being the care with which the olives are picked and the 
length of time that elapses between their being stored in heaps in a 
half-fermenting state, and the time they are crushed), which causes 
afiect the colour and appearance of the oil; and secondly, those 
depending upon actual adulteration. 

In regard to the first, the market value is influenced to the 

*It may be observed here, that dark-colonred, strong-smelling tallow 
oils are lometimes on the brokers' lists— especially the London lists ; bat these 
oils are used for the special purposes of soapmaking, and bear values resem- 
bling those of the fish oils. 
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extent of manj pounds per ton ; and the onlj way to arriye at a 
judgment is to obtain familiarity with commercial samples. In 
regard to the second, actucU ttckUteration, eur <»u:eful consideration is 
required. 

Excepting the particular fine qualities of olive oi1« the l^ulk of 
olive oils are the cheapei^ of the commercial nen-drying oils ; so 
that we have to look for adulteration with drying oils, fish oils, 
mineral and rosin oils. 

I mention mineral oils and rosin oil especially, because, owing to 
the dark colour and smell of the bulk of olive oils, they could easily 
be overlooked in a preliminary examination. 

It will be necessary, therefore, in such cases, to refine tlie oil 
before looking for mineral oil, which can easily be done, as olive oil 
is in a manu&cturing way refined nearly white, though not to any 
very great extent ; or, as I suggested before, an ultimate analysis 
may be useful. 

The specific gravity of olive oil is '917. Rape oil, a cheaper oil 
than olive, would make it lighter, and cotton-seed oil, or the drying 
oils, var3ring between -920 or -930, heavier^ but a proper mixture of 
the two cheap oils — rape and cotton-seed— could be adjusted exactly 
to the specific gravity of olive oil ; so that we have to depend 
entirely upon our chemical tests, which, however, should correspond 
with correct specific gravity. 

The fish oils, then, being proved absent by Calvert's tests or the 
smell, we have to look for seed oils ; and the three tests in practical 
use are— 

1^. The well known nitrous aeid or nitrate of mercury -test, 
which is used and relied upon by the leading merchants, and the 
full details of which can be found in chemical text-books, especially 
Hichardson and Knapp's Technoloffj/. 

2nd, The characteristics of the soap formed by liquid ammonia. 

3rd. Fehling's testa of the rise of temperature produced by 
mixing with concentrated sulphuric acid. 

4th, The solution of carbonate of potash test. 

For lubricating machinery, olive oil appears to be going •ut of 
use to a gi'oat extent. Its sugary or mi\cilagiaouB constituents are 
liable to ferment and make the oil acid, and so inferior to the 
animal oils, which, however, can be prevented by refining the oil, 
which is a considerable expense, and not often done. 

An oil extensively used for adulterating olive oil in this country 
is a seed oil called Lisbon seed oil, which is inferior to olive oil in 
viscosity, but resembles olive oil in appearance. It is an important 
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question how far these inferior oils — such as Lisbon seed oil, cotton- 
seed oil, cocoa-nut olein, sunflower seed oil, &c., can be used for wool 
greasing ; and until the Insurance people remove their restrictions, 
we cannot get accurate knowledge, as the woollen people can only 
use them surreptitiously or pay higher premiums. 

Class IV. — We now pass on to Class IV. — -rape oils— of which 
about 20,000 tons are produced annually by our seed crushers, 
and about the same quantity is annually imported. 

The commercial position of these oils is fixed by their being 
slightly inferior in non-drying properties to olives, but superior to 
them in smell and appearance. Kape oils, in fact, are the border- 
land between drying oils and non-drying oils ; and notwithstanding 
their slight tendency to gum, are used most extensively for engine 
and machinery lubrication, as well as for burning in lamps. Two 
kinds are known in the market — brown rape, or the oil as expressed 
from the seed, and called sweet oil, and the same after treatment 
with sulphuric acid, steaming, washing, and filtering, called refined 
rape oil. 

These oils have assumed immense commercial importance, from 
the quantity in which they can be produced. There are several 
varieties of the genus Brassica, from which they are crushed ; and 
the oil expressed from these varieties also varies slightly in specific 
gravity. 

The variety cultivated in France and Belgium gives an oil about 
•912 specific gravity ; whilst that cultivated in North Germany gives 
a specific gravity of '915 ; and the seed crushed in England, and 
imported from all parts of the Continent and the East Indies, gives 
about '914 to '916 in specific gravity. This difference in specific 
gravity of rape oils is also accompanied by similar slight variations 
in viscosity. 

It is important to note the limits within which the specific 
gravity of rape oil varies, because too much importance cannot be 
taken in testing the oil to ascertain, its specific gravity accurately. 

The specific gravity of rape oil should never exceed *916, at 
60^ Fahr. If it does, we may be sure of the presence of one or some 
of the following oils — viz., the fish oils, which are easily detected by 
smell, or by Calvert's tests, or what is much more probable, other seed 
oils of a more or less drying character, which I have called fancy 
seed oils : amongst which the chief are — aground-nut oil, sessame oil, 
sunflower oil, cress-seed oil, hemp-seed oil, poppy oil, cotton-seed 
oil, Niger-seed oil, and linseed oil, or cocoa-nut olein, having a 
ipedfic gravity ranging between '920 and '935. 
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Thus, if a rape oil under examination indicates a specific gravity 
of '918, it may contain Lalf its bulk of some other of these seed oils, 
even though the smell and appearance be not much affected. Most 
of these seed oils, with the exception of ground-nut oil and 
perhaps cocoa-nut olein, deteriorate the rape oil by adding to its 
gumming properties ; and ground-nut oil and cocoa-nut olein, 
being of a commercial value equal or sometimes in excess of rape 
oil, are scarcely likely to be present. 

But amongst all these probable adulterants of rape oil, cotton- 
seed oil is the most likely to be present. Now, cotton-seed oil, 
when refined, is about the same colour as rape oil, and even superior 
to it in smell. It is a more drying oil than rape, but not so drying 
as to be used for the purposes for which linseed oil is used. It is 
produced in great quantity in this kingdom — viz., to the extent of 
nearly seventeen thousand tons annually — and yet it is little known 
to the general public. Much of it, no doubt, goes into soap manu- 
. factures, for which it does well ; but its commercial value is always 
below that of Class IV., or the rape oils, and sometimes even of 
Class v., the drying ones. 

Its cheapness, its abundance, good colour, and freedom from 
smell when refined, make it of all other oils the best adapted for the 
purposes of adulteration, and, no doubt, in all cases, to the serious 
injury of other oil? ; for if present in an oil used for machinery, or 
for burning purposes, it on the one hand clogs the wick, and on th« 
other clogs the machinery ; whilst, if used for adulterating linseed 
oil, it interferes with its drying properties. 

The ease with which cotton-seed oil can be detected in lard or 
tallow olein and in olive oil has already been indicated. 

Its presence in rape oil is easily detected — first, by the specific 
gravity of the rape oil being increased ; second, by the fi'eezing 
l>oint of the rape oil being materially raised. 

Cotton-seed oil contains much stearin ; so that a very moderate 
degree of cold freezes it, whilst rape oil remains liquid at 32^ 
Fahr. 

The other tests applicable to rape oil are those for estimating its 
drying properties, and which have already been described, and 
which, when properly carried out, give clear information as to the 
practical value of the oil under examination. 

Finally, the value of the oil is also determined by the degree to 
which it is refined, there being a difference of 40s. per ton between 
refined and brown rape oil. 

Class V. — represented by linseed oil, the quantity crushed in 
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Great Britain being annually nearly 40,000 tons. Its specific 
gravity is -937, at 60° Fahr. 

From its dark colour, mineral and rosin oils must be carefully 
looked for; and in their absence fish oils are easily detected by 
smell or Calvei*t's tests ; and by far the most likely adulterants, 
cotton, Niger or other seed oils, will be detected by their 

Ist. Altering the specific gravity. 

2nd. Materially raising the freezing point. 

3rJ. Decreasing its drying properties, which can be proved by 
direct experiment, as before indicated. 

Class VI. — We now arrive at Class VI., the fish oils. I think we 
may safely say, these oils have a commercial value inferior to the 
other oils, simply because they stink abominably. They are not 
generally considered non-drying oils ; so that, if free from smell, they 
might be applied to most purposes for which other oils are used. At 
present their use is limited to soapmaking (especially soft soap), 
greasing leather, greasing jute before spinning (for which several 
thousand tons are used annually), burning in coal pits, &c., and 
other purposes where the smell is not of much consequence. 

Their price is to some extent regulated by their relative stinking 
properties, and partly by their viscosity or body : the thickest 
kinds — ^viz., Northern whale and cod, being useftil for leather, and 
the thinner kinds, as seal oil, being useful for burning in lamps. 
The chief of them are— 

Northern Whale OIL 
Sonthem Whale Oil 
CodOU. 
Seal Oil 
Shark OIL 

The fish oils are not much liable to adulteration, excepting, 
perhaps, the pale seal oil ; and the most probable oil which would 
be used for sophistication would be cotton-seed oil. They, however, 
may be mixed with each other — some varieties, as porpoise oil, and 
herring oil, and East Indian fish oil, being much cheaper than the 
others. 

The most important points, therefore, will be — 

l«t. Looking for mineral and rosin oils. 

%nd. Examining whether the non-drying properties of the oil are 
interfered with. 

ML ' Examining their viscosities in relation to the purposes for 
which they may be applied. 
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As regards soapmakingy probably cotton or other seed oils 
would have very little effect in deteriorating tbeir value. 

Having considered the subject of oils in a manufacturing point 
of view, I have been led to omit consideration of the oils found in 
druggists' shops — viz., almond oil, cod -liver oil, and cocoa-nut 
olein — which will, I hope, not interfere with the practical utility of 
this paper. 

The object of the paper being also to consider the oils from the 
chemist's point of view, rather than the engineer's, I have not 
alluded to the growing use of mineral oil for the purposes of 
lubrication on the grounds of economy. In my paper read before 
the Institute of Engineers (Scotland), 24:th November, 1872, full 
details are given on this subject, more especially in relation to the 
recent progress in imparting to mineral oil a viscosity adapting it 
for use on machinery heavier than spindles, drc. — in other words, 
making it fit for heavy machinery. 

Finally, I have to acknowledge the kindness of friends in 
supplying information, and particularly of Mr. W. H. Hatcher of 
Messrs. Price's Candle Co., London. 



Note bt the Author.— In the discnssion on this Paper, Mr. T. L. Patterson, 
F.C.S., called attention to the spectrosoopic eicamination of oils as an adjunct 
in testing, which might be useful, but would require using with care, as the refining 
of oils might cause the disappearance of absorption bands pecuUar to oils in a crude 
state. Observations on the other optical properties of oils, such as refractive 
power and fluorescence, by properly contrived apparatus, might be occasiooaUy 
useful 
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IX. — On the Measurement of the Chemical Action of SurdiglU, By 
Thomas E. Thorpe, Ph.D., F.E.S.E., Professor of Chemistry 
in the Andersonian University. 



[Head before the Society, April 29, 1874.] 



Dr. Thorpe commenced by referring to the famous experiment of 
Newton, by which that philosopher demonstrated the composition 
of white light. After pointing out the ehief peculiarities of the 
solar spectrum, he alluded to the various actions of sunlight, its 
heating and illuminating effects, and its power of setting up 
chemical action. The particular viWations which were mainly 
instrumental in effecting chemical change were those corresponding 
to the blue end of the spectrum. This fact the lecturer proved by 
exposing a mixture of chlorine and hydrogen gases to variously 
coloured lights, when it was seen that the blue light was the chief 
agent in effecting the chemical combination of the two gases. The 
fact that this mixture of chlorine and hydrogen is so excessively 
sensitive to the action of sunlight, gave rise to the idea that it 
might be used as a means of measuring the chemical action of the 
light; and in 1843, Professor Draper, of New York, constructed 
an instrument for this purpose, based on that principle. The 
Tithonometer, as the instrument was termed, was scarcely capable 
of affording' exact results, owing to the lack of experimental evi- 
dence as to the conditions of its regular action. Still, Draper was 
enabled by means of it to determine a few of the more appar^t 
phenomena connected with the chemical action of sunlight, and 
notably the phenomenon of photo-chemical induction. The instni- 
ment of Draper, and the basis upon which it was founded, were 
submitted to a rigid experimental criticism by Professors Bunsen 
and Eoscoe, who constructed a photometer capable of giving con- 
cordant and accurate results. By means of this instrument, which 
differed in everjrthing but the principle from that of Draper, Bunsen 
and Boscoe were enabled to determine a number of points connected 
with the distribution and working of the chemically active vibra- 
tions in sunlight. They instituted comparisons between the actinic 
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power of various flames, and shewed that the visual illuminating 
power of a flame in no way determines the degi'ee of its chemical 
activity. They also compared the actinic power of sunlight and 
various terrestrial sources of light^ notably that of burning mag- 
nesium ; and they threw out the idea, which has been so happily 
realised, that if magnesium could be economically produced, it would 
afford one of the readiest sources of chemically active light. In 
speaking of the rationale of the action of sunlight in promoting 
the union of chlorine and hydrogen, the lecturer referred to the 
remarkable experiments of Budde, who found that chlorine expanded 
in a marked manner when exposed to the blue portion of the spec- 
trum; whereas it suffered little or no alteration in bulk when 
exposed to any otiier portion. Budde concluded from his obser- 
vations that the molecules of chlorine are actually dissociated into 
atoms by the action of the more rapid vibrations, and remain thus 
dissociated so long as the gas is under the influence of the light. 
The increased chemical activity of the chlorine may be explained 
on the ground of its existence in this atomic condition. The action 
of bodies in the so-called nascent state may be explained by means 
of the same hypothesis. The lecturer described an experiment, 
which proved that the pewer of inaugurating the 'chemical union 
of chlorine and hydrogen under the action of light resided in the 
former gas. The power in sunlight to promote chemical change 
exercises such an immense influence in the economy of nature, that it 
is highly desirable that we should possess the means of registering its 
action by continuous observation. It is, of course, only in this way 
that we can hope to arrive at a knowledge of the laws which regulate 
its effects and distribution. The lecturer then rapidly traced the 
various attempts which had been made to supply a chemical photo- 
meter which could be used for regular observation — say, in observa- 
tories, where it was just as important to trace the variations in the 
chemical activity of the light, as it was to determine the variations 
in the pressure, temperature, and humidity of the atmosphere. He 
more particularly described the photometer of Roscoe, based on the 
decomposition of chloride of silver under the influence of light, and 
he described a number of results which had followed its use in 
various parts of the world. He shewed a series of curves illus- 
trating the march of chemical intensity of sunlight, from day to 
day, during a whole year, from measurements made at Kew. The 
lecturer also described the results of a series of observations made 
by himself in the tropics — namely, at Para, on the Amazons, a 
town situated near the equator. These measurements were 
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interesting, as being the first observations of the chemical inten- 
sity of light made in the tropics, and they serve to exhibit the 
enormous actinic power of sunlight in these regions. As shewing 
the extreme vagueness of our knowledge respecting the distribution 
of this actinic power, the lecturer mentioned the hypothesis of 
Draper respecting the modification in character which sunlight is 
supposed to assume as we approach the equator; and he also gave 
the experience of some French observers who were sent out to 
photograph the antiquities of Yucatan, Bind who were obliged to 
discard the camera and take to their sketch-books, on account of 
the supposed want of chemical power in the sunlight. So far from 
this being the case, it appeared from Dr. Thorpe's measurements 
that the chemical activity of the light in Para was actually twenty 
times greater than on the same day in Kew. In detailing his 
experience, the lecturer paid a passing tribute to the memory of 
the late Professor Agassiz, who happened to be also at Para, 
engaged in his researches on the natural history of the Amazons, 
and through whose instrumentality he was greatly aided in obtain- 
ing facilities for carrying on his observations. Dr. Thorpe then 
mentioned the results of a lengthened series of measurements which 
he had made at Moita, near Lisbon, with the primary object of 
determining the relation of the chemical activity of the light to the 
sun's altitude; and he also shewed the results of observations made 
by him at Catania, in Sicily, during the progress of the solar eclipse 
of December 1870. In conclusion, he exhibited and described the 
new automatic photometer of Koscoe, whereby the personal labour 
of observation is reduced to a minimum. The instrument is more 
particularly well adapted to observatory use; and he expressed the 
conviction that, by the distribution of instruments on this pattern, 
our knowledge of the laws regulating the important action of sun- 
light in promoting chemical change- would be speedily augmented. 
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X. — On Deep-Sea Sounding by Piano-forte Wire, By Professor 
Sir William Thomson, LL.D., F.R.S. 



[Bead before the Society, March 18, 1874.] 



Sir William Thomson said — I have now to bring before the 
Society a new process for deep-sea sounding, which has been 
practised for more than a year with much success. At a Meeting 
(March 18, 1873) of the Institution of Engineers in Scotland last 
session, an apparatus of this kind was shewn, and the whole process 
of using the wire for deep-sea sounding was elaborately explained, 
80 that it is not now necessary for me to enter on details of this 
subject. I will briefly remark that the great advantage of steel wire 
over hemp rope, is the comparatively small resistance which the wire 
experiences from the water. The great amount of resistance which 
rope meets from the water is well known to sailors. The resistance 
of even so short a length as 50 fathoms of ordinary deep-sea sounding 
line going through the water, is very considerable. Common observa- 
tion in the use of the Massey log, shews that the resistance of a few 
fathoms of the rope is greater than the resistance of the log itself. 
The deep-sea lead goes down with great rapidity for 10, 20, or 30 
fathoms, but after that depth the resistance of the rope begins to 
tell seriously, and at 50 or 150 fathoms the resistance to the rope 
moving through the water is very great. In sounding at these 
depths the great force required to haul in the rope, at any consider- 
able speed, is well known. The greater part of that force is due to 
the resistance that the water opposes to the rope hauled through it, 
and a very small portion is due to the lead. The small area of the 
wire surface and its smoothness, as compared with the ordinary 
hemp sounding line, give it a great advantage in these respects. 
Then, as regards strength, this wire, which is Messrs. Webster and 
Horsfall's piano-forte wire, No. 22 gauge, bears 230 pounds, and 
weighs 14^ pounds per 1000 fathoms. The wire I shewed to the 
Institution of Engineers last year, was not the ordinary quality of 
piano-forte wire; it was a wire made specially for sounding by 
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Messrs. Kichard Johnson & Nephew, of Manchester. Thej sa< 
in making a wire three miles in length, from crucible steel, 
has many good qualities, particularly that of strength ; bi 
temper was not equal to that of the best piano-forte wire, wl 
however, can only be produced in much shorter lengths. The 
of splice which I had then designed (but only imperfectly 
has since proved so successful that I do not now care so mu< 
length ; Messrs. Webster and Horsfall give me lengths of about 
fathoms. 

In upwards of one hundred soundings on the East and N^ 
coasts of Brazil, in the PaciQc, and in the Bay of Biscay, in depj 
of from 500 to 2,700 fathoms, partly with Johnson's special iri 
and partly with Webster and Horsfall's, there has in no one instn^ 
been a fiedlure of the splice. The splice is made very easily, and ] 



a few minutes. 






There is a considerable difference in the mechanism now shewnj 
the Philosophical Society from that I shewed to the Institution i 
Engineers last session, but a far more important difference is in tt 
wii*e. Wire of an inferior quality is brittle at places, and breaj 
when it kinks. I believe not a single case of this has happened wHJ 
the Webster and Horsfall piano-forte wire now used. 

[Sir William Thomson, at this stage, referring to his new soundin 
machine, shewn to the meeting, proceeded to explain the nature i 
its various parts, and its action as a whole. The machine which I 
shewed is^represented in the present report by the two accompan; 
ing Plates,, one of which shews it by elevations, sections, Ac; an 
the other of which is a perspective drawing made from a photograp 
of the apparatus itself By study of these drawings with the aid < 
the brief explanatory notes written upon them, together with tl 
explanations here following, as noted from the lecture, the read< 
may arrive at a good conception of the nature of the apparatus, an 
of the sounding processes for which it is adapted^ He continued i 
as follows : — ] 

The wire is coiled on a large wheel, which is made as light ii 
possible, so that, when the weight reaches the bottom, the inert! 
of the wheel may not shoot the wire out so far as to let it coil o 
the bottom. The avoidance of such coiling of the wire on th 
bottom is the chief condition requisite to provide against the poss 
bility of kinks; and for this reason a short piece of hemp lim 
about five fathoms in length, is interposed between the wii 
and the sounding-weight; so that, although a little of the hem 
line may coil on the bottom, the wire line may be quite pr 
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▼ented from reaching the bottom. There is a clamp, or a ring, 
attached directly at the bottom of the wire, so as to form the coup- 
ling or junction between the wire and the hemp line. The clamp is 
about 4 or 5 pounds in weight, and either it, or the ring, which 
may be considerably lighter, and may be used instead of the clamp, 
suffices to keep the wire tight when the lead is on the bottom, 
and the hemp line is slackened. The art of deep-sea sounding 
is to put such a resistance on the wheel as shall secure that 
the moment the weight reaches the bottom the wheel will stop. 
By " the moment " I mean within two or three seconds of time. 
Lightness of the wheel is necessary for this. Whatever length of wire 
is estimated as necessary to reach the bottom is coiled on the wheel. 
For a series of deep-sea soundings in depths exceeding 1000 fathoms, 
it is convenient to keep a length of 3000 fathoms coiled on the wheel. 
When we do not get bottom with 3000 fathoms, the process of splicing 
on a new length of wire ready coiled on a second wheel, is done in a 
very short time — ^two minutes at most. The friction brake which you 
see, is simpler in construction than that shewn to the Engineers 
last session. This is simply a roturn to the form of brake which 
I used in June, 1872, when I Brst made a deep-sea sounding with 
piano-forte wire in the Bay of Biscay, in 2,700 fathoms. The process 
of sounding is this : — Such a weight is applied to the brake as shall 
apply to the wire leaving the wheel a resistance exceeding by 10 
pounds the weight of the wire out. Thus, commencing with a 
resistance of 10 pounds, when 100 fathoms are out add 1^ 
pounds to the brake-resistance. For every 1000 £Ekthoms of wire 
oat, add 12 pounds to the brake-resistance, because the weight 
of 1000 fathoms of the wire in water is about 12 pounds. The 
only failures in deep-sea soundings with piano-forte wire hitherto 
made have been owing to neglect of this essential condition. 
The circumference of the wheel is a fathom (with a slight cor- 
rection for the increased diameter from the quantity of wire on). 
Hence for every 250 lums of the wheel, add three pounds weight 
to the brake-resistance. The action down to 2,700 fathoms is perfect. 
I cannot speak beyond that from personal observation, but neverthe- 
less I can confidently say, that soundings in the greatest depths of 
the sea which have been hitherto sounded, can be made with this 
apparatus with perfect ease. Getting back the weight is the most 
difficult part of the process. In ordinary deep-sea soundings there is a 
trigger apparatus, by which the weight (300 pounds or 400 pounds of 
iron) may be detached, and then the rope, with only a tube bringing 
up a specimen of the bottom, is hauled up. In sounding with tho 
Vol. IX.— No. 1. i 
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"wire apparatus up to 2,700 fathoms, I use a 30 pounds lead sinker, 
and I have not found it necessary to use the detaching apparatus, 
but in depths exceeding 4,000 fathoms, I might be induced to use 
it. The process of recovering the wire and sinker involves a little 
difficulty, from the fact that coiling so great a length of wire on 
the drum under so great a tension, applies a prodigious force to 
the wheel. Suppose there is a pull of 50 pounds on the wire 
as it is coiled round the wheel, then we have the halves of the 
wheel on two sides of any diameter, pressed together with a force 
of 100 pounds by one coil, or one fathom, of the wire. One 
thousand times that gives 100,000 pounds pressing the wheel to- 
gether for about 1000 fathoms, so that if the wheel did not yield a 
little, we should have (after hauling in lead and wire from a depth 
of 3,000 fathoms) a pressure of more than 100 tons pressing it 
together. In point of fact, the wheel yields to some degree. 
Practically I found that in hauling in the line from 2,700 fathoms 
the wheel was squeezed out of shape, and came to be something like 
the shape of the old-fis^hioned, three-cornered cocked hat. This 
part of the process has undergone very considerable alterations 
since 1872. The United States navy have taken up with great 
ardour the system of deep-sea soundings by piano-forte wire, and 
have been most successful in practising it. They have worked it out 
in a way somewhat different from that which I have followed. They 
get over the difficulty of hauling in by strengthening the wheel, 
and detaching the weight. I prefer not to lose the lead. If the 
sounding is less than 1,000 fathoms, the wheel will not suffer. I 
sounded off Funchal, Madeira, last summer, in 1,200 fathoms, and 
coiled the wire in safety direct on the wheel. Although the 
wheel shewed signs of distress, it was not seriously injured. But 
if we had to haul up from 2,000 fathoms, it would probably be 
seriously damaged. Therefore, if the depth exceeds 1,000 fathoms 
we must either strengthen the wheel or detach the lead, or both : or 
we must relieve the wheel of a great part of the strain. I prefer 
the latter remedy. The weight of the wire is 14 J pounds per nautical 
mile in air, and in water about 12 pounds per nautical mile. In a 
depth of three miles, therefore, we have 36 pounds of wire, 30 pounds 
of lead, and about 4 pounds of ring or clamp : — in all, 70 pounds. 'In 
preparation for hauling in, a spun yam stopper, attached to the lower 
framing of the sounding machine projecting over the taffrail, or to 
the taffrail itself, is applied to the wire hanging down below, to hold 
the wire up and relieve the wheel from the necessity of performing 
that duty: or otherwise, two men, with thick leather gloves, can 
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easily hold the wire up.* A little of the wire is then paid out from 
the wheel, and the wheel with its framing is run inboard about £ve 
feet on slides which carry its framing [see the accompanying draw- 
ings f], and the slack wire is carried once or twice round a grooved 
drum below, which overhangs the bearings of its own axle, so as to 
allow the loop or the two loops of the wire to be got on. Two 
handles attached to the shaft of this drum, worked by one man on 
each or two men on each, take from two-thirds to nine>tenths of 
the strain off the wire before it reaches its 6wn wheel, on which it 
is coiled by one man or two men working on handles attached 
to its shaft. 

If the ship is hove to when the wire is being hauled in, the wire 
will generally stream to one side (if out by the stern, which is the 
position I now prefer). By having the bearing of the aftermost 
wheel, an oblique fork turning round a liorizontal axis (like the 
cantor of a piece of furniture laid on its side), the wire is hauled 
in with ease though streaming to either side, at any angle. [See 
the drawings.^] This castor wheel is a very important addition to 
the hauling-in gear. (In paying out, the wire runs direct from its 
own wheel into the sea.) 

But it is not necessary to keep the ship hove to during the whole 
time of hauling in the wire. When the depth exceeds 3,000 fathoms, 
it will, no doubt, be generally found convenient to keep the ship 
hove to until a few hundred fathoms of the wire have been brought 
on board. When the length out does not exceed 2,600 fathoms, the 
ship may be driven ahead slowly, with gradually increasing speed. 
When the length of wire out does not exceed 1,500 fathoms, the 
ship may be safely driven ahead at five or six knots. The last 500 
fathoms may be got on board with ease and safety, though the ship is 
going ahead at ten or twelve knots. Thus, by the use of wire, a great 

* The span yam stopper is to be seen in the accompanying perspective draw- 
ing, shewn as hanging ready for use. 

f The Side Elevation shews the sounding wheel projecting over the taffrail in 
the position for paying out the wire : and the perspective drawing shews it as 
ran inboard in the position for hauling up. 

X In respect to the arrangement of framing for beariog the castor axle of the 
forked piece in which the castor wheel or pulley runs, the side elevation is 
purposely made to suggest an improvement from the arrangement actually 
existing in the machine shewn at the meeting, and represented in the per- 
spective drawin:;. The improvement consists merely in lengthening the oastor 
axle, and providing for it two bearings, instead of its having only one, as was 
the case in the machine shewn at the meeting, and as is exhibited in the 
psrspeotive drawing from a photograph of the machine itselfl 
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Flyino Soundings. 

and a tho space travelled by the ship, diminished by the space 
travelled horizontally by the sinker during the time of its going to 
tho bottom. 

Tho contrast between the ease with which the wire and sinker 
iiro got on board from a depth of 200 fathoms by a single man, or by 
two nivni in thin process, and the labour of hauling in the ordinary 
dee{>-8oa lead and line, by four or five men, when soundings are taken 
in the ordinary way from a ship going through the water at four or 
five knots in depths of from 30 to 60 fathoms, is remarkable. Pro- 
fessor Jenkin and I found this process of great value on board the . 
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Hooper," during the laying of the Western and Brazilian Telegraph 
Company's cables between Para, Pemambuco, Bahia, and Eio 
Janeiro. I am now having constructed, for the purposes of naviga- 
tion, a small wire wheel of 12 inches diameter, to have 400 fathoms 
of piano-forte wire coiled on it, for flying soundings in depths of from 
5 to 200 fathoms, without any reduction of the speed of the ship, or, 
at all events, without reducing it below five or six knots. 

During the whole process of sounding, we are continually re- 
minded of the original purpose of the wire by the sounds it gives 
out. A person of a musical ear can tell within a few pounds what 
pull is on the wire by the note it sounds in the length between 
the castor pulley at the stern and the haul-in drum, which is about 
five feet inboard of it. 

Mr. Jahes K. Napier said that there were some very ingenious 
and simple contrivances for overcoming difficulties about Sir William 
Thomson's sounding machine, as indeed there were about all his 
inventions. The two which struck him most were — 1st, the appli- 
cation of a definite weight to the friction wheel, whereby almost 
the exact instant of the weight's reaching the bottom could be 
ascertained by the sudden stopping of the revolutions of the coil ; 
and the other was, his method of preventing the compressing force 
of the wire from accumulating at each revolution, so as to crush the 
wheel. 
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MINUTES. 



NwcTkber 5, 1873, 

The Session of the Philosophical Society of Glasgow was opened this 
evening, Professor Grant, LL.D., the President, in the Chair. 

Mr. John Boyd, Engineer, and Mr. Peter M*Intyre, were elected 
members of the Society. 

The President- delivered an Opening Address, for which, on the 
motion of Mr. James K. Napier, seconded by Dr. Fergus, he 
received the thanks of the Society. 



November 19, 1873. 

The Seventy -second Annual Meeting of the Philosophical Society 
of Glasgow, for the Election of Office-bearers and other business, 
was held this evening, Professor Grant, LL.D., the President, in the 
Chair. 

The following were elected members of tJie Society, via. : — 

Dr. Eben. Watson, Professor of Institutes of Medicine in the 
Andersonian University, 1 Woodside Terrace; Dr. Joseph Coats, 
33 Elmbank Street; Mr. James Watson, 2 Florentine Place, Hill- 
head; Dr. Strethall H. Wright, M.R.C.P.E., Barony Hospital and 
Asylum, Barnhill; Dr. John Ewan Brodie, CM., 99 Douglas Street; 
Mr. D. C. M'Vail, Surgeon, 96 New City Road; Mr. Peter M^Nicol, 
M.A., 186 North Street; Mr. T. L. Patterson, Analytical Chemist, 
29 Cathcart Street, Greenock. 

The Secretary read the Council's Report on the State of the 
Society, which was approved of and^ ordered to be printed in the 
Proceedings. 

Report of the Council on the State of the SociErr. 

1. State of the Membership. — ^At the beginning of the Session of 
1872-73, the number of Members on the roll of the Society was 
533. In the course of the Session 61 new members were added 
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to the number, whicb, with two reinstated from the suspense list^ 
give a total of 596. From this number there fiedl to be deducted — 
nine resigned, three left Glasgow and placed on suspense list, and 
eight dead, 20 in all — leaving a total on the Society's roll of 576 
members. This is the greatest number ever reached by the Society, 
and it has to be noted, as an unexampled isuc^, in its history, so far 
as is known, that not one of the members is in arrears of paymentb 

2. The Proceedings. — The printed Proceedings of the Sociely 
during the Session 1872-73 occupied 271 pages> forming the 
second and concluding part of the eighth volume, consisting of 
506 pages. 

On the evening of the Annual Meeting, Mr. Jas. R. Napier gave 
an account of the Livingstone Relief Expedition, via the Congo, 
fix)m documents with which Mr. Young of Kelly had supplied him. 

The second paper was " On Some Evidences as to the very early 
Use of Iron," by Mr. St. John Vincent Day; who also furnished the 
last paper of the Session — viz., "On the Past and Present of Iron 
Smelting." Dr. Stevenson Macadam of Edinburgh, by an arrange- 
ment with the Chemical Section, read a paper "On Flour Mill 
Fire-Explosions," illustrated by experiments. A note on this subject 
by the late Professor W. J. Macquom Rankine, printed in the 
minutes, was his latest communication to the Society, and, through 
it, to the public. The next paper was by Mr. Jas. R. Napier, " On 
British Weights and Measures;" in the discussion of which Sir 
William Thomson took a prominent part. On a subsequent even- 
ing the subject was reviewed by Mr. Day. At the succeeding 
meeting Mr. Napier communicated a paper by Mr. E. L. Garbett, 
"On Numeral and Metral Systems." The subject of the "Purifica- 
tion of Water " was brought before the Society by Professor Bischof, 
of the Andersonian University. The next communication was by 
Professor Forbes, of the Andersonian University, "On the Transit 
of Venus im 1874." Mr. David Sandeman introduced the subject 
of " Technical Education," which was fully discussed by members of 
the Society. 

The Chemical Section contributed a paper by Mr. Jas. Anderson, 
"On Volcanic Vapours of Mount Vesuvius;" and another by Mr. 
Wm. Henderson, " On the Decomposition of Sulphate of Potash by 
Nitrate of Soda." 

From the Section of Sanitary and Social Economy were received 
a paper by Mr. William Miller, Banker, entitled, "Examination and 
Defence of the Principles enunciated by Mr. Lowe in his letter to 
the Chamber of Commerce, Glasgow, of the 20th December, 1872;" 
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also, a paper by Mr. Jas. Anderson, " On the Mint Bank Note of 
the Future ;" and a communication hy Mr. Stephen Mason on ** The 
Bank Acts and the Eate of Discount/' 

The Proceedings contain reports of the business transacted by the 
Chemical Section and the Section of Sanitary and Social Economy. 
A paper by Dr. Robt Bell, " On the Potato Disease," was read to 
the Society, but not printed in the Proceedings. 

The Council have sanctioned a series of rules which the Com- 
mittee on Papers have proposed for their guidance. As the Council 
has been enjoined by the Society to print and issue the Proceed- 
ings in the course of the Session, with the least possible delay after 
papers have been read before the Society, the attention of members 
who intend to contribute to the Proceedings of the present Session 
is respectfully directed to the two following rules : — 

Firsty The Committee on Papers is to judge of the suitableness of 
communications offered to the Society, and to require that papers, 
or an abstract of them, be lodged in the hands of the Secretary ten 
days before the meeting of the Society when they are appointed to 
be read. 

Third, No paper to be printed that is not left with the Secretary 
on the evening when it is read. The Committee to insist on all 
papers being thoroughly prepared for press before being sent to the 
printers, so as to avoid alterations in the proof sheets. 

The Society is now entirely free of debt. 

The Council have once more to acknowledge their obligations to 
their Finance Committee for the important services they have ren- 
dered to the Council in administering the Finance of the Society. 
The CouncO have recorded in their minutes their warmest thanks 
to Mr. Wm. R. W. Smith, one of the retiring members, for the 
painstaking attention he has given to this matter during the past 
three years in which he has held office. 

Mr. Day read the Library Committee's Report on the Library, 
which was approved of, and ordered to be printed in the Proceedings, 

Library Cohhitteb's Report. 

With respect to the state of the Library, the Library Committee 
have to report the purchase of fifty-seven volumes and eight 
pamphlets, making the additions to the Library, in respect of 
purchase, sixty-five since the date of the last Report. In the same 
period the Library has received two hundred and twenty four 



122 Philosophical Society of Glasgow. 

donations of books, pamphlets, and parts, a number which j'out 
Committee believe to be unprecedented. Of these no less than one 
hundred and fourteen volumes and parts were presented from the 
Koyal Observatory, Greenwich, by order of the Lords Commis- 
sioners of the Admiralty. 

The Society exchanges publications with seventy-four different 
Societies and individuals, being an increase of four since last 
Session. 

The binding of books and periodicals has been regularly kept up. 

Mr. Mann, the Treasurer, gave in his Abstract of Account for 
Session 1872-73, which was approved of. It is as follows: — 



Abstract of Treasurer's Account. 

Session 1872-73. 

Dr. 
1872. Nov. 1. 

To Balances from last Session— 

In Union Bank of Scotland, .... £14 4 10 

In Treasurer's hands, 2 5 3 

£16 10 1 



1873. Oct. 31. 
To Entry Money and Dues from 61 New Members, 

at 428.*, £128 2 

,, Annual Dues from 4 Original Members, at 5s., 10 

,, Annual Dues from 517 Members, at 21s., . 542 17 

,, Annual Dues from 2 Members, for two years, . 4 4 



„ Catabgues sold, 28, at Is., . . £18 
„ Proceedings Bold, 16 9 



676 3 



„ Chemical Section. ~7 Associates for 1871-72, 

at 58., . . . £1 15 
36 Associates for 1872-73, 

at 5s., . . . 9 

10 15 

„ Sanitary Section.— 34 Associates for 1872-73, at 5s., . 8 10 
,, Corporation of Glasgow, interest on ** Exhibi- 
tion Fund," £49 3 4 

„ Interest from Bank, 4 16 10 



54 2 



2 14 9 



£768 13 
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Cr, 
1873. Oct. 31. 

By Salaries and Wages, £170 14 7 

„ Neir Books and Binding, 123 15 3 

ffTiinihig Proceedings, Circiiian, kc., 150 

„ Postage and delivery of Circulars, &c., 23 2 10^ 

„ Stationery, 320 

„ Lithographing and Printing Plates for Proceedings, . . 10 14 

I „ Bents, 130 

„ Insurance, Gas, Coal, Cleaning, &c., 26 15 3 

„ Petty Charges and Sundries, 1 9 11} 

„ Subscription to Ray Society, 1873, . . . £110 

„ „ Palseontographical Society, 1873, 110 

2 2 

„ Chemical Section. —Expenses per Treasurer of Section, . . 7 8 9 

,, Sanitary Section.— Expenses per Secretary of Section, . . 10 12 3 
,, Balances — 

In Union Bank £99 16 10 

In Treasurer's hands, 8 19 3 

108 16 1 



£768 13 



Glasgow, ISth November, 187S. — We, the Auditors appointed to examine the 
Treasurer's Accounts, have examined the same, of which the above is an 
Abstract, and found them correct, the Balance in Union Bank at 31st October 
last being Ninety-nine pounds sixteen shillings and ten pence sterling; and in 
Treasurer's hands. Eight pounds nineteen shillings and three pence. 

(Signed) GEORGE WATSON. 

ARCHD. ROBERTSON. 

The Society then proceeded to the election of Office-bearers, in 
room of those retiring by rotation. 

On the motion of the President, Professor Allen Thomson, M.D. 
was elected Vice-President. 

On the motion of the President, Mr. St. John Vincent Day was 
re-elected Librarian, Mr. John Mann was re-elected Treasui*er, and 
Mr. William Keddie was re-elected Secretary. 

The following gentlemen were nominated to succeed the four 
retiring Members of Council, viz: — 

Mr. Archibald Robertson, Mr. John Jex Long, Dr. Henry 
Muirhead, Mr. Kobert Gray, Mr. James Deas, Mr. Sigismund 
Schuman, and Mr. John Ferguson. 

Dr. Wallace and Mr. Wm. K. W. Smith were appointed Scrutineers 
of Votes. 
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Mr. Robertson, Mr. Long, Dr. Muirhead, and Mr. Gray, having 
the largest number of votes, were declared duly elected. 

The following is the list of Office-bearers for the year 1873-74 : — 

fresibent. 

Professor Egbert Grant, M.A., LL.D., F.R.S. 

8ue-fresibents. 

Professor John Young, M.D., F.R.S.E. 
Professor Allen Thomson, M.D., F.R.S. 

l^ibrarian. 

Mr. St. John Vincent Day, C.E., F.R.S.E. 

Crjeasttrrr. 

Mr. John Mann, C.A. 

c^emtarB- 

Mr. William Keddie, F.R.S.E. 

Atfrer Pembjers ot Council 



Dr. James Morton. 

Dr. Andrew Fergus. 

Mr. David Rowan. 

Dr. James Bryce, M.A., F.G.S. 

Mb. Thomas Chapman. 

Dr. Thos. E. Thorpe, F.R.S.E. 



Mr. Alexander Whitelaw. 
Mr. William M'Ajdam. 
Mr. Robert Gray. 
Dr. Henry Muirhead. 
Mr. John Jex Long. 
Mr. Archibald Robertson. 



Mr. James Thomson, F.G.S. , communicated to the Society the 
results of his investigations into the Corals of the Mountain Lime- 
stone, illustrated by plates by a new process. 

The thanks of the Society were given to Mr. Thomson, on the 
motion of Mr. John Mayer, seconded by Mr. Wunsch, both of 
whom bore testimony to the industry, perseverance, and ingenuity 
shewn by Mr. Thomson in the prosecution of his researches, and in 
his original method of illustrating them. 

Mr. James R. Napier exhibited a photograph of Mr. R. S. 
Ne wall's Telescope, which the President, who had seen the 
instrument, characterised as the. most powerful achromatic refracting 
telescope in existence; — also, a photograph of the Moon, from the 
great Melbourne Telescope, by R. J. Ellery, Esq., F.R.S., Govern- 
ment Astronomer, Victoria. 
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December 3, 1873. — The President in Hie Chair, 

The following were elected members of the Society, viz. : — 

Mr. Robert S. Hannah, Merchant, 80 Buchanan Street ; Mr. 
William C. Coghill, Printer and Publisher, 263 Argyle Street; 
Mr. William Henderson (Messrs. Henderson, Hogg, & Co.), 26 
Kenfield Street; Mr. Alex. Miller, Jun. (Messrs. Inglis & Wake- 
field), 74 Gordon Street; Mr. William Galloway, H.M. Inspector of 
Mines, 377 Sauchiehall Street; Mr. William Baxter, 14 Gibson 
Street, Hillhead ; Mr. Andrew Erskine Muirhead, Cart Forge, 
Crossmyloof; Mr. Robert Sutherland, Merchant, 18 Berkeley 
Terrace. 

Dr. James Finlayson read a paper, "On some Indications of a 
Daily Periodicity in the Vital Functions of Man." 

In the discussion which followed, Dr. Muirhead, Dr. Eben. 
Watson, Dr. Morton, and Mr. Coleman took part. 



December 17, 1873. — The President in the Chair, 

The following were elected members of the Society: — 

Mr. Alexander Stronach, Banker; Mr. Campbell Houston, Soap 
and Candle Manufacturer, Paisley and Glasgow, Renfrew Villi, 
PoUokshields ; Mr. Walter Stewart Kennedy, Allanbank, Crossbill; 
Mr. Joseph Findlay, 25 Lynedoch Street; Mr. Robert Young, 
Provision Merchant, Castlehill, PoUokshields ; Dr. Thomas M*Call 
Anderson, Professor of Practice of Medicine in Andersonian 
University, 14 Woodside Crescent; Mr. David Crawford, Jun., 
Manager, Barrowfield Printworks, Bridgeton; Mr. John L. Bruce, 
Architect, 137 West Regent Street. 

The Committee on Papers having suggested the propriety of a 
discussion in the Society on the Sewage Question, at their request 
Dr. Fergus introduced the subject, and was followed by Dr. Wallace, 
Bailie Bain, Mr. Jas. R. Napier, Mr. Stanford, Dr. Dougall, Mr. 
Whl R. W. Smith, and Mr. John Downie. 

On the motion of Mr. Horatio K. Bvomhead, the discussion was 
adjourned till next meeting. 

The Society adjourned till the first Wednesday of January. 
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January 7, 1874. — Tha Pbesident in the Cfuiir, 

The following gentlemen were elected members, viz, : — 
Mr. George P. Thomson, Engineer, 2 Newton Place ; Dr. J. 
Simpson Gumming, 467 St. Yincent Street; Dr. Douglas Keid, 
Helensburgh; Mr. James Cleland Burns, Ochtertyre, Crieflf; Mr. 
Robert Frew, Mining Engineer, 160 Hope Street. 

The discussion on the Sewage Question, adjourned at last meet- 
ing, was resumed by Mr. Alex. Scott, who was followed by Mr. 
James Mactear, Dr. Robert Bell, Mr. John Downie, C.E., Mr. 
William Foulis, Gas Manager, Mr. Buchan, Plumber, Dr. Fergus, 
&c. A supplementary and explanatory statement by Dr. Wallace 
was read in his absence. 



January 21, 1874. — The President in Hie Chair. 

The following gentlemen were elected members, viz. : — 

Mr. Malcolm M*Ewan, 23 St. Enoch Square; Mr. George Younger, 
Commission Merchant, 1 North Exchange Court; Mr. W. D. Ban- 
kier. Metal Broker, 31 St. Yincent Place; Mr. J. M. Macleish, Mer- 
chant, 10 Hamilton Drive, Hillhead; Mr. Donald M. Teacher, 
Merchant, 20 Park Circus; Mr. W. H. Rowan, Accountant, Clyde- 
ford, Rutherglen. 

By an arrangement with the Chemical Section, Dr. Stevenson 
Macadam, F.R.S.E., of Edinburgh, delivered a lecture " On Water 
Supply, " with illustrations. 

On the motion of Mr. Stanford, President of the Chemical Section, 
the Society voted its warmest thanks to Dr. Macadam. 



Fdyruary 4, 1874. — In the absence of the President and Yice-Presi- 
dents, Dr. Fergus was called to the Chair. 

The following gentlemen were elected members, viz : — 
Mr. James Hunter, Timber Merchant, 19 Union Street; Dr. 
James Donaldson, Deputy Inspector-General of Hospitals, 8 Granby 
Terrace, Hillhead; Mr. Thomas Robertson^ Accountant, 97 Union 
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Street; Mr. Andrew Canick Robertson, Accountant, 116 St. Yin- 
cent Street. 

Mr. Jas. R. Napier read a paper " On the Economy of Fuel in 
Domestic Arrangements/' 



February 18, 1874. — The President in the Chair, 

The following were elected members of the Society, viz: — 
James Thomson, LL.D., C.E., Professor of Engineering in the 
University of Glasgow; Mr. John Miller (Messrs. James Black <fe 
Co.), 23 Royal Exchange Square; Mr. James S. Higginbotham, 147 
St. Vincent Street; Mr. John Hopkins, Wine Broker and Com- 
mission Merchant, 73 Gordon Street; Mr. J. Veitch Wilson, 116 
St. Vincent Street; Mr. J. G. M'Arthur, 116 St. Vincent Street. 

Professor James Thomson, LL.D., delivered a lecture " On the 
Gaseous, the Liquid, and the Solid States of Matter," illustrated by 
experiments. 



March 4, 1874. — Tlie President in the Chair. 

Mr. James M'Creath, Mining Engineer, was elected a member of 
the Society. 

The following notices of motion were given : — 

Dr. Bryce. — " That the Society express its deep sorrow at the tid- 
ings of Dr. Livingstone's death, and communicate to the family of 
Dr. Livingstone an assurance of its sympathy; that a Committee be 
appointed to prepare a Minute, to be submitted to next meeting, 
and engrossed in the Minute-book of the Society, and that a copy of 
the same be transmitted to the family." 

Mr. Jas. R Napier. — 1. " That the periodical Proceedings of the 
Society be issued as soon as possible to all Members of the Society, 
and to all societies or persons with whom the Society exchanges 
transactions, proceedings, journals, or papers." 

2. " That the names and addresses of the Members of the Society 
be printed on the same size of paper as the Proceedings, and form 
part of them." 

3. '' That a printed copy of the Minutes of each Meeting of the 
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Society be sent to each Member, along with the notice calling the 
next Meeting." 

A paper was read by Dr. Wallace, F.R.S.R, F.C.S., Gas Examiner 
for the City of Glasgow, "On the Economical Combustion of Gas." 

In the discussion which followed, Mr. J. J. Coleman, Mr. Mackin- 
tosh, Mr. Foulis, Mr. Jas. R. Napier, &c., took part. 



March 18, 1874. — The President in the Chair. 

Agreeably to notice of motion given at last Meeting, Dr. Bryce 
moved, — " That the Society express its deep sorrow at the tidings 
of Dr. Livingstone's death, and communicate to the family of Dr. 
Livingstone an assurance of its sympathy; that a Committee be 
appointed to prepare a Minute to be submitted to next meeting, and 
engrossed in the Minute-book of the Society, and that a copy of the 
same be transmitted to the family.'' 

The motion was seconded by Mr. Archibald Robertson. 
Mr. Jas. R. Napier obj^ted to the motion, on the ground of 
there being no positive evidence of the death of Dr. Livingstone. 

After a short discussion, the motion was submitted to the Meet- 
ing, when twelve voted for and four against it. 

Dr. Bryce stated that in the circumstances he considered it proper 
to withdraw the motion, which was accordingly done with the con- 
sent of the Society. 

Mr. Jas. R. Napier having given notice of a motion, — " That the 
periodical Proceedings of the Society be issued as soon as possible 
to (dl Members of the Society, and to all societies or persons with 
whom the Society exchanges transactions, proceedings, journals, or 
papers," — now proposed that it be limited for the present to the 
sending of the Proceedings periodically " to all societies or persons 
with whom the Society exchanges transactions, proceedings, journals, 
or papers;" leaving for future consideration that part of the motion 
relating to sending the periodical Proceedings " to all Members of 
the Society." This was agreed to without a vote. 

It was also agreed to, on the motion of Mr. Jas. R. Napier, — due 
notice of the same having been given at last meeting, — " That the 
names and addresses of the Members of the Society be printed on 
the same size of paper as the Proceedings, and form part of them." 
And 
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" That a printed copy of the Minutes of each Meeting of the 
Society be sent to each Member, along with the notice calling the 
next Meeting." 

Sir William Thomson explained a Method of Deep-Sea Sound- 
ing by Piano-forte Wire, which he illustrated by a model of the 
apparatus. 

Sir William made a subsequent communication " On Imj^rove- 
ments in the Mariner s Compass." 



April 1, 1874. — TJis President in the Chair. 

Mr. Alexander Mofifatt, Steamship Agent, was elected a Member. 

Mr. Jas. R. Napier gave notice of motion : — "That the Council be 
requested to take such steps as may be necessary for organising 
Section C, Physics, including Mechanics and Engineering, in terms 
of the IX. Section of the Constitution." 

The Council gave notice of motion: — "That the Society add to its 
list of Honorary Members the following gentlemen, viz. : — 

Lewis Dunbar Brodie Gordon, Esq., C.E., F.R.S.E., F.G.S., 
formerly Professor of Civil Engineering and Mechanics in the Uni- 
versity of Glasgow; Robert Lewis John Ellery, Esq., F.R.A.S, 
Government Astronomer and Superintendent of Geodetic Survey of 
the Colony of Victoria, and President of the Royal Society of Vic- 
toria; Andrew C. Ramsay, LL.D., F.R.S., Director-General of the 
Geological Surveys of the United Kingdom; Joseph Dalton Hooker, 
M.D., F.RS., Director of the Botanic Gardens at Kew, and President 
of the Royal Society of London; R. Angus Smith, Ph.D., F.R.S., 
F.C.S., Manchester." 

The Secretary read a letter addressed to him by Mr. Chas. Eadie, 
intimating the death of his father, Mr. James Eadie, one of the 
original Members of the Society, in his 78th year. 

Mr. Croudace*8 " Stellar Azimuth Dumb Compass " was ex- 
hibited and explained by Professor Grant. 

Mr. Jas. R. Napier said that it was a very ingenious instru- 
ment, and that it gave, by very simple means, many more oppor- 
tunities of finding the ship's position at night, than could be 
obtained from the sun by day. The plan of lighting the two 
extremities of the stellar bar, so as to enable its being placed in 
any direction, was excellent; and the means adopted for lighting 

Vol. IX.— No. 1. k 
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the lamp, however exposed the situation might be, could not be 
surpassed for simple efficiency. 

Mr. Jas. K. Napier read a paper " On the Cubic Space and on the 
Volume of Air necessary for ensuring the Salubrity of Inhabited 
Places." 

Dr. Thorpe, Mr. Alex. Scott, and others, made some remarks on 
the subject of the paper. 

Mr. Jas. K Napier read a paper ''On the Effects of Loch Katrine 
Water on Galvanised Iron." 

In the discussion which followed. Dr. Thorpe, Mr. Whitelaw, 
Mr. Mayer, (kc, took part. 

Mr. Symington exhibited and practically tested his "Patent 
Electric Fire Alarm;" also exhibited his "Patent Sewage Filter." 



April 15, 1874. — The President in the Chair, 

Mr. Jas. R. Napier moved — " That the Council be requested to 
take such steps as may be necessary for organising Section C, 
Physics, including Mechanics and Engineering, in terms of the IX. 
Section of the Constitution." 

The motion was seconded by Dr. Bryce, but after some discussion 
was withdrawn. 

The President, on the part of the Council, moved — " That the 
Society add to its list of Honorary Members the following gentle- 
men, viz. : — 

Lewis Dunbar Brodie Gordon, Esq., C.E., F.R.S.E., F.Q.S., for- 
merly Professor of Civil Engineering and Mechanics in the Uni- 
versity of Glasgow; Robert Lewis John Ellery, Esq., F.R.A.6., 
Government Astronomer and Superintendent of Geodetic Survey of 
the Colony of Victoria, and President of the Royal Society of 
Victoria; Andrew C. Ramsay, LL.D., F.R.S , Director-General of 
the Geological Surveys of the United Kingdom; Joseph Dalton 
Hooker, M.D., F.R.S., Director of the Botanic Gardens at Kew, 
and President of the Royal Society of London; R. Angus Smith, 
Ph.D., F.R.S., F.C.S., Manchester. 

The motion was seconded by Mr. Jas. R. Napier, and unanimously 
agreed to. 

Mr. John Ferguson,. A.M., University Chemical Laboratory, read 
a paper " On some recent Classificatious of the Elements." 

In the discussion which followed. Dr. Thorpe, Mr. Whitelaw, Mr. 
Mayer, and Mr. Coleman took part. 
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April 29, lS7i,— The President in the Chair. 

Mr. James Hislop, Gas Manager, Marjhill Gas Works, was pro- 
posed as a Member by Mr. W. R. W. Smith, Mr. Robert R Tatlock, 
and Mr. W. Keddie. — Ballot at opening of next Session. 

The following Minute was given in and read : — 

In terms of the intimation of date 25th April, 1874, inviting a 
meeting of members of the Society favourable to the formation of 
the Section of Physics, including Mechanics and Engineering, to be 
held in the Library of the Society on Tuesday Evening, 28th inst. , 
the members met in the Library, and on the motion of Mr. Jas. R. 
Napier, seconded by Mr. Alexander Scott, Mr. Nathaniel Dunlop 
was called to the Chair, when, after iull discussion, it was resolved, 
on the motion of Mr. Napier, seconded by Mr. Thomas M. Barr, 
C.E., that Section C (Rule IX. of Constitution) be now constituted. 

It was also resolved that at the next meeting of the general 
Society, to be held on Wednesday, 29th instant, the Society be 
invited to recognise the formation and existence of the Section as an 
integral portion of the Society. 

The following oflSce-bearers were elected by the meeting (pro 

tern.): — 

Mr. James R. Napier, Chairman. 

Mr. James Dickson, Secreta/ry. 

(Signed) NATHANIEL DUNLOP, 

Chairman. 
Glasgow, 28ih April, 1874- 

The President, in name of the Society, recognised the formation 
and existence of Section C. 

The following reports were given in and read :— 

Chemical Section. 

The Secretary is glad to be able to report, that although the 
number of papers at the meetings is fewer this Session, some of 
them have been of a very interesting and important character. 

Only one new associate has been enrolled during the Session, 
but otherwise the Section is in a satisfactory condition. Some 
difficulty is experienced, however, from the fact that many of the 
original associates are located in distant parts of the country, and 
from an apparently increasing disposition on the part of members 
to read their papers at the Society's meetings. 

ROBERT R. TATLOCK, 
Secrttary of SecUon. 



132 Philoso]Meal Soeieiff of Glasgow. 

Sakitart akd Social Economy Section. 

The Council have to report another active Session. 

The following is an abstract of the proceedings, viz. : — 

1st Meeting. — Inaugural Address of the Session bj the President, 
Dr. Fergus, *' On the Sanitary Solution of the Sewage Question." 

2nd Aieeting. — Paper by Mr. Peter Aitken on his ''Gas-heating 
and Cooking Apparatus." 

3rd Meeting. — Paper by Mr. Henry Murray, Honorary Secretary 
of the Scottish National Toll Association, ''On Road Reform and the 
AboUtion of Tolls.** 

4lA Meeting. — ^Abstract of and discussion on paper by Mr. Jas. 
R. Napier, read by him before the Society, "On Economy of Fuel in 
Domestic Arrangements.** 

5th Meeting. — Abstract of and discussion on paper by Dr. Wallace, 
read by him before the Society, ^ On the Economical Combustion of 
Coal Gas." 

6lA Meeting. — Paper by Mr. Alexander Scott, " On a System of 
Decimal Weights, Measures, and Coinage for this Country." 

7th Meeting. — Communication from Mr. Alexander Scott, "On the 
Application of Xcssler's Ammonia Test for the Detection of Organic 
Impurities in Potable Water;" and from Mr. William M'Adam, "On 
a Simple and Secure Method of Collecting Tramway and other 
Fares." 

The number of associates is now thirty-seven, shewing an increase 
of three during the Session. 

The present Members of Council are as follows, xiz. : — 

Dr. Andrew Fergus, President. 
Mr. W. R W. Smith, Viee-Prendent. 
Mr. William M'Adam, Tloe-Pretident. 



Mr. D. G. Hoet, C.A. 
Dr. Robert Renfrew. 
Dr. John M'Inttre. 
Mr. Arthur Hsrriot. 



Mr. Stephen Mason. 
Mr. Alexander Scott. 
Dr. James R Russell. 
Mr. Wiluam Meltin. 



Mr. T. W. Watson, 
Mr. Gavin Irving Dickson, Secretary. 

Reputed by GAVIN IRVING DICKSON, 
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Mr. Jas. R. Napier stated that having been allowed by the 
Executrix of the late Professor Macquorn Eankine, to dispose of 
some of the books belonging to him, he wished to offer to the 
acceptance of the Society for its Library, a number of books and 
pamphlets, a list of which he now read. 

The thanks of the Society were voted to the Donor, and also to 
Mr. Napier. 

Mr. Napier presented from William Froude, Esq., F.RS., a copy 
of his Report on "Experiments for the Determination of the 
Resistance of a Full-sized Ship at Various Speeds, by Trials with 
H.M.S. ' Greyhound.' "—Thanks voted. 

On the motion of Mr. James Thomson, it was remitted to the 
Council to watch any proceedings which might be taken, consequent 
on a recent bequest for the institution of a Free Library, and to 
co-operate with the Municipal Corporation and other public bodies, 
with the view of establishing a Free Museum in conjunction with a 
Free Library. 

Dr. Thorpe delivered an experimental Lecture " On the Measure- 
ment of the Chemical Action (A Sunlight;" and exhibited and 
described Roscoe's new Automatic Photometer. 

This being the closing meeting of the Session, the Society, on 
the motion of Mr. W. R. W. Smith, voted its warmest thanks to 
Professor Grant, for his valuable services as President during the 
Session. 
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DoNATIOKS. PreBented by 

Statistica of the Colony of Victoria, . Hegist. -Gen. , Victoria. 9 Parts. 
Transactions of the Society of fiiblical 

Archaeology, The Society. 1 Vol. 

On Deducing the Parallax of Mars, and 

thence that of the Sun, . . S. M. Drach, Esq. 1 Pamphlet. 

On the Circle-area and Heptagon Chonl, ,, 1 » 

An Easy Creneral Rule for Filling up all 

Magic Squares, ,, 1 »» 

Deductions from Mr. Glaisher's "Meteor- 
ological Corrections," ... „ 1 ,♦ 
Transactions of the Geological Society 

of Glasgow, 1873 The Society. 1 Part 

Memoires de la Soci6t^ des Sciences de 

Bordeaux, . The Society. 1 

Proceedings of the California Academy 

of Sciences, A. Kellogg, Esq. 2 

National Importance of Scientific Ke- 

search, G. Gore, Esq., F.!R.S. 1 Pamphlet 

Contributions to the Study of the Ento- 

mostraca, D. Bobertson, Esq. 1 „ 

Canadian Entomologist, . . . £. B. Reed, Esq. 3 Parts. 

Journal of the Anthropological Institute 

of Great Britain and Ireland, . . The Society. 1 „ 

The U. S. Sanitary Commission in the 

Valley of the Mississippi, 1871, . . Dr. J. S. Newberry. 1 VoL 
Proceedings of the Literary and Philo- 

sophical Society of Liverpool, . . The Society. 3 ,, 

Proceedings of the Cleveland Institution 

of Engineers, 1873, .... The Institution. 5 Parts. 

The Report of the Birkenhead Literary 

and Scientific Society, 1872-73, . . The Society. 1 „ 

Memoirs of the Geological Survey of 

India — Pal»ontologia Indica, 1873, . The Survey. 2 ,, 

Records of the Geological Survey of 

India, 1873, „ 4 „ 

Memoirs of the Geological Survey of 

India, 1873,— Geology of Madras, . „ 2 „ 
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Donations. Pnaentodby 

Catalogne of Stan Observed at the 

United States Naval Observatory 

during the Years 1845 to 1871, . . R R Sands, Esq. 1 Vol 

BesoItB of Observations made at the U.S. 

Naval Observatory with the Transit 

Instmment and Mural Circle, in the 

Years 1853 to 1860, inclusive, . . „ 1 „ 

Zones of Stars Observed at the U. a 

Naval Observatory with the Mural 

Circle, in the Years 1846, 1847, 1848, 

and 1849, . . . . 

Astronomical and Meteorological Obser- 
vations made during the Year 1870, 

at the U.S. Naval Observatory, 
On the Right Ascension of the Equa- 
torial Fundamental Stars and the 

Corrections necessary to Reduce the 

Right Ascensions of Different Cata- 
logues to a near Homogeneous SystenL 

By Simon Newcomb. 1872, . . „ I Part 

Proceedings of the Royal Society of 

Edinburgh, The Society. 1 „ 

Inaugural Ceremonies in Honour of the 

Opening of Fountain Gardens, Paisley, PhiL Soc, Paisley. 1 VoL 
Proceedings of the Geological Society, 

Liverpool, 1872-73, .... The Society. I Part 

Transactions of the North of England 

Institute of Mining and Mechanical 

Engineers, 1872-73 The Institute. 2 Vols. 

Results of an Experimental Inquiry into 

the Mechanical Properties of Steel of 

Different Degrees of Hardness, and 

under various Conditions, Manufac- 
tured by Christian Aspelin, Esq., 

Westanfors and Fagersta Works, 

Sweden. 1873. By David Kirkaldy, D. Kirkaldy, Esq. 
Transactions of the Society of Engineers, 

1873, G. W. Harris, Esq., 

Transactions and Proceedings of the 

New Zealand Institute for 1869, 1870, 

1871 and 1872, James Hector, M.D. 

Catalogue of the Birds of New Zealand, 

with Diagnoses of the Species. By 

Frederick W. Hutton, P.G.S., 1871. 

Notes on the Edible Fishes of New 

Zealand. By James Hector, M.D., 

F.R.S. Catalogue of the Echinoder- 

mata of New Zealand, with Diagnoses 
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Donations. Presented by 

of the Species. By Frederick W. 

HuttoD, F.G.a, 1872, . . James Hector, M.D. 1 VoL 

Geological Survey of New Zealand — 

Reports of Geological Explorations 

daring 1870-71. By James Hector, 

M.D., F.R.S., ..... ,, 1 ft 

Transactions of the Botanical Society of 

Edinburgh, ..... The Society. 1 Part. 

Transactions of the Geological Society of 

Glasgow. The Silurian Brachiopoda 

of the Pentland Hills. By Thomas 

Davidson, F.B.S., .... The Society. 1 „ 

Forhandlinger i Videnskabs-Selskabet i 

Christiania, 1872, .... Univ. of Christiania. 1 Vol. 
Christiania Omegns Phanerogamer og 

Bregner Med Angivelse af Deres 

Udbredelse samt en Indledning om 

Vegetationens Afhiengighed af Under- 

laget. Af A. Blytt, Conservator, 1870, ,, 

Beretning om den Almindelige Udftil- 

ling for Tromso Stift, 1872, . . „ 

Joh. Storm. De Romanske Sprog og 

Folk, 1871, „ 

Carcinologiske Bidrag til Norges Fanna. 

Af G. 0. Sars, 1870, ... „ 

Cantate ved det Kongelige Norske Fre- 

deriks Universitets Mindefest for 

Hans Majestaet Kong Carl den 19de 

November, 1872, .... ,, 

The River Clyde. By James Deas, M. 

Inst C.E. With an Abstract of the 

Discussion upon the Paper. Edited 

by James Forrest, Assoc. Inst. C.E., 

Secretary, 1873, James Deas, Esq. 

Proceedings of the South Wales Institute 

of Engineers, The Institute. 

Greenwich Observations for 1871, . . | ^^^ Observatory, 

( Greenwich. 
Results of Astronomical Observations 

for 1871, 

Greenwich Magnetical Results for 1871, „ 

History and Description of the Water 
Telescope of the Royal Observatory, 
Greenwich, ,, 

Journal of the Franklin Institute, 1874^ The Institute. 

Final Report of the Exploration Com- 
mittee of the Royal Society of Victoria 
for 1863, The Society. 1 „ 



1 Pamphlet. 



1 „ 



)» 



2 Parts. 



1 Pamphlet. 



2 Parts. 
1 1 Vol. 

IPart. 
1 » 



1 „ 

2 „ 
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Donations. 

Principles of Dynamics. By John W. 
Nystrom, C.E., Philadelphia, 1874, . 

Verhandelingen der Koninklijke Aka- 
demie van Wetenschappen, 1873, 

Jaarboek van de Koninklijke Akademie 
van Wetenschappen, 1872, 

Verslagen en Mededeelingen der Kon- 
inklijke Akademie van Wetenschap- 
pen, 1873, 

Processen Verbaal Koninklijke Aka- 
demie van Wetenschappen te Amster- 
dam, 1872-73, 

Annual Report on the Health of the 
City for the Year 1872. By James B. 
Russell, M.D. And on the Sanitary 
Department for the Year ending 30th 
April, 1873. By K. M. Macleod, . 

The Calendar of the Pharmaceutical 
Society of Great Britain for 1874, 

Proceedings of the Philadelphia Aca- 
demy of Natural Sciences for 1872, . 

Observations of Shooting Stars in the 
Years 1869, 1870, 1871, with Two 
Plates. By Captain George Lyon 
Tupman, Royal Marine Artillery, 1874, 

Quantitative Chemical Analysis. By 
T. E. Thorpe, Ph. D. , F. R. S. E. 12mo, 
1873 

Qualitative Chemical Analysis and 
Laboratory Practice. By T. E. Thorpe, 
Ph.D., F.R.S.E., and M. M. Pattison 
Muir, F.R8.E. 12mo, 1873, . 

Memoirs of the Literary and Philosophi- 
cal Society of Manchester, . 

Proceedings of the Literary and Philo- 
sophical Society of Manchester, . 



Presentod by 



John W. Nystrom, Esq. 1 Pamphlet. 
Amsterdam Society. 1 Part. 



1 M 



»» 



>» 



2 Vols. 



1 Part, 



K. M. Macleod, Esq. 1 Pamphlet. 



The Society. 
The Academy. 



1 Part. 



3 „ 



Capt. G. L. Tupman. 1 Pamphlet. 



Dr. T. E. Thorpe. 1 VoL 



From the Authors. 1 „ 



The Society. 
The Society. 



1 » 
3 „ 



DONATION PROM THE EXECUTRIX OF THE LATE PROFESSOR 
WILLLA3I J. MACQUORN RANKINE, C.R, LL.D., P.R.S., Pro- 
feasor of Civil Engineering and Mechanics in the University of Glasgow. 



Library of Useful ELnowledge, lives of 
Eminent Persons. 8vo, 1833, . 

Traits de Chimie El^m§ntaire Th^orique 
et Pratique, suivi d'un Essai sur la 
Philoflophie Chimique et d'un Precis 
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Donation. 
snr L* Analyse. Par M. le Baron L. J. 
Thenard, Syo, 1836, .... ... 2 Vok. 

Exposition Universellfra Londres en 1862. 
Notices snr les Mod^es, Cartes et 
Dessins Helatifr aux Travaux Pablics. 
Paris, 8yo, 1862, .... ... 1 „ 

Elements of Theoretical Mechanics; 
being the Substance of a Course of 
Lectures on Statics and Dynamics. 
ByThomasJackson,LL.D.,8vo, 1827, ... 1 ,» 

Specifications relating to Marine Pro- 
pulsion, 16mo, 1858, .... ... 1 Part. 

•SpeciOcations relating to Drain Tiles and 

Pipes, 16mo, 1857, .... ... 1 ,, 

Specifications relating to Steam Culture, 

16mo, 1858, ..... ... 1 m 

Specifications relating to Aids to Loco- 
motion, 16mo, 1858, .... ... 1 «» 

Beport of the Committee on Meteor- 
ological Department of the Board of 
Health, London, 1866, ... ... 1 „ 

Report on various Experiments carried 
out under the Direction of the Ord- 
nance Select Committee, relative to the 
Penetration of Iron Armour Plates by 
Steel Shot. London, 1866, . . ... 1 „ 

Navy Turret-Ship — Copy of Reports of 
the Committee of Naval Officers ap- 
pointed to Examine the Design of a 
Turret-Ship, designed by Captain 
Cowper Coles, 1866, .... ... 1 ,, 

Report Scottish Universities Commis- 
sion, 1863, ..... ... 1 >f 

Beport of the Commissioners appointed 
to Inquire into the Application of 
Iron to Railway Structures, 1849, . ... If, 

Plans Referred to in the Report of the 
Commissioners appointed to Inquire 
into the Application of Iron to Rail- 
way Structures, 1849, ... ... 1 »» 

Report of the General Board of Health 
on the Supply of Water to the 
Metropolis, ... 5 „ 

Beport of the General Board of Health 
on tlM Measures Adopted for the 
Execution of the Nuisance Removal 
and Diseases Prevention Act and the 
Public Health Act, up to July, 1849, ... 1 „ 
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Donation. 
Belatorio do Commissario Begio jimto & 

CommiBsfto Imperial da Exposif&o 

Universal de Paris. 8vo. Lisboa, 

1857, ... 4 Vols. 

Practical Prevention of Dry Rot in Tim- 
ber. By Professor Faraday, F.RS., 

&c, 1836, ... 1 Pamphlet. 

Euclid at Fault : Letter to James Dalton 

Hooker, Esq., F.R.S., D.fc.L. By 

James Smith, Esq., Liverpool, 1868, . ... 1m 

A Lecture on the Preservation of Tim- 
ber by Ryan's Patent for Preventing 

Dry Bot By Dr. Birkbeck, 1834, . ... 1 

Beport on the Water Supply of Buther- 

glen. By W. J. Macquom Rankine, 

for self and John Thomson, 1852, . ... 1 »> 

Six Lectures on the Wave Theory of 

Light By the Be v. H. Lloyd, M.A., 

F.R.S., &c, 1836, .... ... 1 ,, 

On the Nature of the Force by which 

Bodies are Repelled from the Poles of 

a Magnet ; to which is Prefixed an 

Account of some Experiments on 

Molecular Influences. By John Tyn- 

dall, Ph.D., F.B.S., &c., 1855, . . ... 1 „ 

An Essay on the Theory and Practice of 

Setting out Bailway Curves. By 

William HiU, 1847, .... ... 1 „ 

The Advantages of Tubular Drainage, 

as compared with Bnck Sewers, in 

their Application to Houses and Cities. 

By John Thomson, C.E., 1852, . . ... 1 „ 

On the Belations Existing between the 

Dimensions and Distances of the Sun, 

Moon, and Earth. By James Smith, 

Esq., 1864, ... 1 ,» 

A Letter Addressed to Nicholas Wood, 

Esq., on that Portion of Chapter IX. 

of his Treatise on Bailroads, entitled 

''Comparative Performances of Mo- 
tive Power on Canals and Bailroads." 

By Thomas Graham, Esq., . . ... 1 „ 

On the Application of Hydraulic Buffers 

to Prevent the Destructive Effects of 

Bailway Collisions. By Colonel H. 

aerk, R.A., F.RS. Woolwich, 1868, ... 1 „ 

On some of the Besults obtained at the 

Britiah Colonial Magnetic Observa- 
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Donation. 
tones. By Colonel Edward Sabine, 
R.A., V.P.R.S., General Secretary, 
26th September, 1854, ... ... 1 Pamphlet 

On Vital Force, according to Age, and 
the ''English life Table." ByThomas 
Howe Edmonds, B.A., Cantab., 1869, ... 1 „ 

On a Scale of Geometrical Equivalents 
for Engineering and other Purposes. 
By Charles Holtzapffel, 1838, . . ... 1 „ 

Life and the Equivalence of Force. By 
J. Drysdale, M.D. No date, . . ... 1 f> 

Two Essays on Radiant Heat, in Con- 
nection with the more Recent Dis- 
coveries ; being Elxercises written for 
the Class of Natural Philosophy in the 
University of Edinburgh. By Thomas 
Chalmers and Daniel R.Haldane, 1842, ... 1 „ 

A New Theory of the Steam Engine, 
and the Mode of Calculation, by 
means of it, of the Effective Power, 
&c., of every kind of Steam Engine, 
Stationary or Locomotive. By the 
Chevalier G. De Pambour, 1838^ . ... 1 »» 

Plans for the Improvement of the Port 
of Leith; with Observations on the 
Tidal Currents. By John Milne. 
Second Edition, 1835, ... ... \ „ 

Elements of the Economy of Nature. 
By J. G. Macvicar, D.D. Second 
Edition, 1856, ... \ ,^ 

The Cambridge and Dublin Mathemati- 
cal Journal Edited by W. Thomson, 
MA., F.R.S.E. No. XXV. Cam- 
bridge, 1851, ... . ... 1 «« 

An Essay to show that Petroleum may 
be used with Advantage in Manufac- 
turing Operations, for the Purpose of 
Heating St«am Boilers, and Genera- 
ting Steam. By D. Bodde, Notary 
Public at Batavia. No date, . . ... 1 »* 

Notice sur la Transmission T^odyna- 
mique. Short Notice of the Telody- 
namic Transmission of Motive Power. 
ParC. F. Him. Colmar, 1862, ... 1 , 

Reports on Experiments made with the 
Bashforth Chronograph, to determine 
the Resistance of the Air to the Mo- 
tion of Projectiles, 1865-1870. 1870, ... 1 , 
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A Treatise contaminfir the Besults of 
Namerons Experiments on the Pre- 
servation of Timber from Premature 
Decay, ftc By Wm. Chapman. 1817, 

Scientific Memoirs. Edited by Richard 
Taylor, F.& A. 1836-37, . 

Reports on the Paris Universal Exhibi- 
tion, Part I. 1856, .... 

Austria at the International Exhibition 
of 1862, By Professor Dr. Jas. Aren- 
stein. Printed on Indian-corn Paper, 

International Exhibition of 1862. Official 
Catalogue of Industrial Department. 
(Professor Rankine's Working Copy 
as a Juror.) 

International Exhibition Industrial 
Catalogue, British, 1862, . 

International Exhibition Industrial De- 
partment, 1862, 

International Exhibition Fine Art 
Department, 1862, .... 

Exposition XJniverselle de 1862 a Lon- 
dres. Section Fran^aise. Catalogue 
Officid des Produits de I'Empire 
Fran^ais, 

Memoirs of the Geological Survey of 
Great Britain and the Museum of 
Practical Geology. Mineral Statistics, 
Ac, for 186a By R. Hunt, F.R.S., 
1867, 

Catalogue of Type Specimens of Fossil 
Fishes in the Collection of Sir Philip 
Egerton, Bart , M, P. , at Oulton Park. 
1869, 8vo, 

Proceedings of Royal Society of Van 
Diemen's Land. Vol IlL, Part 1. 
Tasmania, 1855, .... 

Special-Catalog der Gewerblichen Aus- 
stellung des Zollvereins, Herausge- 
geben von den Commissarien der 
ZoUvereins-Regierungen. Berlin, 1862, 

Notice Th^orique et Pratique sur I'ln- 
jecteur Autoraoteur, Brevet^, propre 
a TAlimentation des Chaudi^res et 
Vapeur et a TElevation de TEau. 
Par M. H. Giffard, 1861, . 

Die Schiebersteuerungen. Mit Beson- 
derer BerClcksichtigung der Steuer- 



1 Pamphlet 
3 Parts. 

1 ,. 

1 M 



1 Pamphlet. 
IPart 
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ongen bei Looomotiven. Von Dr. 

Gnstav Zeuner. Freiberg, 1858, . ... 1 Part. 

On the Change of Refrangibility of Light. 

By G. G. Stokes, 1853, ... ... 1 „ 

On the Unconscious Activity of the 

Brain. By W. R Carpenter, 1868» . ... 1 „ 



BOOKS BOUGHT. 

Principles of Psychology. By Herbert Spencer. Second Edition. 8vo. 1872. 
The Annual Kegister : A Keview of Public Events at Home and Abroad, for 

the Year 1872. 8vo. 1873. 
The Scottish Gael ; or, Celtic Manners, as Preserved among the Highlanders. 

By James Logan, Fellow of the Society of Antiquaries of Scotland. 2 vols. 

8vo. 1831. 
Essai G^ologique sur TEcosse. Par A. Bou(?. 8vo. No date. 
Journal of the Royal Geographical Society for 1872. 

Zoological Record. Edited by Alfred Brown, M. A., F.R.S. 1vol. 8vq. 1873. 
Six Lectures on Light, delivered in America in 1872-1873. By John Tyndall, 

LL.D., F.R.S. 8va 1873. 
Journey Across South America, from the Pacific Ocean to the Atlantic Ocean. 

By Paul Macroy. 1872. 
ProdromuB Systematis Naturalis Regni Vegetabilis. Editore et pro parte auctore 

Alphonso de Candolle. Pars Decima Septima. 1873. 
An Architect's Note-Book in Spain, principally Illustrating the Domestic 

Architecture of that Country. By M. Digby Wyatt, M.A., Professor of 

the Arts in the University of Cambridge, &c 4to. 1872. 
Contributions to Solar Physics : A Popular Account of Inquiries into the 

Physical Constitution of the Sun, &o. By J. Norman Lockyer, F.R.S. 

8vo. 1874. 
Sanitary Engineering : A Guide to the Construction of Works of Sewerage and 

Hou3e Drainage. By Baldwin Latham, C.E., M. Inst. C.E. 8vo. 1873. 
History of the Mathematical Theories of Attraction and the Figure of the 

Earth, from the Time of Newton to that of Laplace. By J. Todhunter, M. A. , 

F.R.S. 2 vols. 8vo. 1873. 
Statesman's Year-Book : Handbook for Politicians and Merchants for the^Year 

1874. By Frederick Martin. 12mo. 
Report of the British Association for the Advancement of Science for the Year 

1872. 8vo. 1873. 
Studies of Blast Furnace Phenomena. By M. L. Gruner ; translated with the 

Author's sanction; with an Appendix. By L. D. B. Gordon, F.R.S.E., 

F.G.S. 8vo. 1873. 
Animal Locomotion ; or. Walking, Swimming, and Flying ; with a Dissertation 

on Aeronautics. By J. Bell Pettigrew, M.D., F.R.S., F.R.S. E., F.R.C.PJS. 

IvoL 12mo. 1873. 



Additions to the Library, 143 

The Great Ice Age, and its Relation to the Antiquity of Man. By James 

Geikie, F.R8.E., P.G.8. 1 vol. 8vo. London, 1874. 
Heart of Africa : Three Years* Travels and Adventures in the Unexplored 

Regions of Central Africa, from 1866 to 1871. By George Schweinfurth. 

Translated by Ellen £. Prewer. 2 vols. 8vo. London, 1873. 
Etruscan Researches. By Isaac Taylor, M. A., Vicar of Holy Trinity, Twicken- 
ham. 1 vol. 8vo. London, 1874. 
An Art Tour to Northern Capitals of Europe. By J. Beavington Atkinson. 

Sva London, 1873. 
Manual of Public Health, for the use of Local Authorities, Medical Officers of 

Health, and others. By W. H. Michael, F.C.S.; W. H. Corfield, M.A., 

M.D., Oxon.; and J. A. Wanklyn, M.R.C.S. Edited by Ernest Hart. 

1 voL 8vo. London, 1874. 
Illustrations of the Botany and other Branches of the Natural History of the 

Himalayan Mountains, and of the Flora of Cashmere. By J. Forbes Boyle, 

M.D., V.P.R.S. 2 vols. 4to. London, 1839. 
Whaling Cruise to Baffin's Bay and the Gulf of Boothia, and an Account of the 

Rescue of the Crew of the "Polaris." By Albert Hastings Markham, 

F.R.G.S., Commander, Royal Navy. 8vo. 1874. 
Two Years in Peru, with Explorations of its Antiquities. By Thomas J. 

Hutchinson, F.R.G.S., F.R.S.L., M.A.S. 2 vols. 8vo. London, 1873. 
Works in Iron, Bridge and Roof Structures. By Ewing Matheson, of the Firm 

of Andrew Handyside & Co., Engineers, Derby and London. 1 vol. '8vo. 

London, 1873. 
Naturalist in Nicaragua : A Narrative of a Residence at the Gold Mines of 

Chontales ; Journeys in the Savannahs and Forests, with Observations on 

Animals and Plants in Reference to the Theory of Evolution of Living 

Forms. By Thomas Belt, F.G.S. 8vo. London, 1874. 
Elements of Mineralogy, containing a General Introduction to the Science ; with 

Descriptions of the Species. By James Nicol, F.R.S.E., F.G.S. Second 

Edition. 8vo. Edinburgh, 1873. 
PalflBontographical Society. 6 Parts. 
Philosophical Transactions of the Royal Society of London. Part 2nd of Vol. 

161 ; and Part 1st of Vol. 162. 
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L*Omement Polychrome, 50 Plates in Colours. M. A. Racinet. Folio. 1873. 
2 vols. 
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Weekly. 



Iron. 

Natare. 

Builder. 

Engineer. 

Architect. 

Athenaeum. 

Engineering. 

Building News. 

British Architect. 



Les Mondes. 
Comptes Rendos. 
Chemical News. 
Notes and Queries. 
Annales Industrielles. 
Polytechnisches JoumaL 
Pharmaceutical JoumaL 
Journal of the Society of Arts. 



MONTHLr. 



Annalen der Chemie und Pharmacie. 
Annales de Chimie et de Physique. 
Annalen der Physik und Chemie. 
Journal de Pharmacie et de Chimie. 
Annales des Ponts et Chaussees. 
Journal fur Praktische Chemie. 
Journal of the Chemical Society. 
Journal of Botany. 
Monthly Microscopical Journal. 
Geological Magazine. 
American Journal of Science and 
Art. 



The Country Gentleman's Magazine. 

Monatsbericht der Eoniglich Prens- 
sischen Akademie derWissenschaften 
zu Berlin. 

Abstracts of the Proceedings of the 
Geological Society of London. 

Monthly Notices of the Royal Astro- 
nomical Society. 

London, Edinburgh, and Dublin 
Philosophical Magazine. 

Annals and Magazine of Natural 
History. 



Quarterly. 



Bulletin de la Soci6t6 Chimique de 
Paris. 

Journal of the Iron and Steel Insti- 
tute. 

Journal of the Statistical Society. 

Journal of Anthropology. 

Quarterly Journal of Science. 



Quarterly Journal of Microscopical 

Science. 
Quarterly Journal of Geological 

Society. 
Annales des Mines. 
The Ibis, Quarterly Journal of 

Ornithology. 
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Societies, drc. 

Academy of Science, Missouri. 

Academy of Science, Philadelphia. 

American Philosophical Society, ,, 

American Academy Boston. 
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American Institute, New York. 

Boston Society, Boston. 

Boston Natnral History Society, „ 

Berwickshire Naturalist's Club, Alnwick. 

Canadian Institute, Canada. 

California Academy, California. 

Commissioners of Patents, Washington. 

Franklin Institute, Philadelphia. , 

Geological Survey Office, Calcutta. 

Historic SocaMgr, Quebec 

Institution of Mechanical Engineers, .... Birmingham. 

Lyceum of Natural History, New York. 

Midland Institute of Mining Engineers, .... Bamsley. 

North of England Institute of Mining Engineers, . . Newcastie-on-Tyne. 

Natural History Society, Portland, Maine. 

New York Agricultural Society, . . New York. 

National Academy, Washington. 

Pharmaceutical Society Philadelphia. 

Professor J. D. Dana, Connecticut. 

Professor K Loomis, „ 

Professor J. Henry — National Observatory, . Washington. 

Boyal Academy of Science, Berlin. 

,, ,, „ Stockholm. 

»> „ »» St. Louis. 

„ ,, ,, ...... Brussels. 

,, „ ,, ...... Amsterdam. 

„ Society of Victoria, Melbourne. 

Institute of Lombardy, Milan. 

Geographical Society, Vienna. 

Institution of Cornwall, Trura 

Smithsonian Institution, Washington. 

Society of Physical Sciences, Bordeaux. 

United States Observatory, Washington. 

„ „ Survey, „ 

University of Christiania, Christiania. 

J. Hofiel'La Soci^t^ des Sciences Physique et Naturelles, Bordeaux. 

William H. Archer, Registrar- General, .... Melbourne. 

C. J. Matthes, of the Hoyal Academy, .... Amsterdam. 

E. K Beed, Barrister-at-Law, London, .... Ontario. 
W. B. Couper, Secretary of the Society of Biblical 

ArchsBology, London. 

Alfred Coleman— Odontological Society, . . . „ 

James Hector, M.D.— New Zealind Institute, New Zealand. 

Alfred Brown— Literary and Philosophical Society, liverpooL 
I>r. J. M. Currie— Orleans County Society of Natural 

Sciences, Vermont. 

Charies Gilbert, Publisher of "Engineering," . . London. 

S. W. Kershaw, Koyal Institute of British Architects, . „ 

Scottish Meteorological Society, Edinburgh. 
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Botanical Society of Edinburgh, . Edinbnigh. 

Kojal Society of Edinburgh, „ 

Koyal Physical Society of Edinburgh, . . . „ 

Koyal Scottish Society of Arts, „ 

Royal Society of London, London. 

Chemical Society, „ 

Society of Arts, ,, 

Pharmaceutical Society, ,, 

Photographic Society, . „ 

Statistical Society, „ 

Royal Institution of Great Britain, „ 

Anthropological Society, „ 

Historic Society of Lancashire and Cheshire, . . liverpooL 

Geological Society of Liverpool, „ 

South Wales Institute of Engineers, .... Swansea. 

Philosophical Society of Cambridge, .... Cambridge. 

Literary and Philosophical Society of Manchester, . Manchester. 

Koyal Cornwall Polytechnic Society, .... Falmouth. 

Cleveland Institution of Engineers, .... Middlesborough. 

Literary and Philosophical Society of Leeds, . Leeds. 



ERRATUM. 
In page 12; line 27 from top, /or ** either units " read '* ether units.'' 
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XI. — On the Family Cyathophyllidce — Tribe, AspidiophyUaeea- 
Genus, Aspidiophyllum. By James Thomson, F.G.S. 



[Read before the Society, 4th Nov., 1874.] 



The object of this comnuinication is to describe a now genus of 
Hugose corals from the mountain limestone of Scotland^ which I 
discovered many years ago in Thirdpart Quarry near Beith, 
Ayrshire. For a number of years I had grave doubts as to the 
true classification of this group, as several of the specimens, pre- 
vious to their being sectioned, might readily be mistaken for, and 
classified amongst Dana's genus CUsiophyllum, I have frequently 
seen it named as ClisiophyUum coniseptum. Indeed there is a perfect 
agreement in the general resemblance of the external aspect of 
some of the species; but a considerable difference in structural 
details is observed after the specimens have been sectioned and 
compared. In a longitudinal section the centre of the coral in both 
cases is filled up with endothecal dissepiments that laterally unite 
the lamellte. But the arrangement of each diflfers widely. In 
ClisiophyUum they are convex — convexity upwards and outwards — 
and are arranged around the columcllarian line that is seen passing 
down the centre of the genus, and whicli terminates in the centre 
of the calicc in the form of a conical boss, or like a small tent ; 
whereas in the new genus Aapidiophyllum the boss in the centre 
of the calice difiers, not only in its external aspect, being outHned 
like a helmet, round on the superior extremity on the concave 
side, and tapenng down to the fossula, whicli is situated on the 
Vol. IX.— No 2. m 



154 Philosophical Society of Glasgow, 

oonvex or dorsal side of the coral; but also in the arrangement of 
the dissepiments, which laterally unite the lamellae that spring 
from the inner margin of the primary septa, and ascend the 
columellarian protuberance in the centre of the calice. The 
median lamella passes for two-thirds of the length of the helmet- 
shaped boss, and passes downwards and tapering into the fossola 
as a prominent ridge. The spaces between the lamellae are always 
wider apart on the dorsal side than the ventral, see Pt. I., fig. 2 ;. 
and the dissepiments that laterally unite the lamellae are always 
concave, see Pt. I., ^g. 1. In all instances there is no difficulty 
in determining the latter where the calice is well preserved, the 
columellarian base in the centre of the calice being helmet-shaped 
and differing so widely in outline from Clisiophyllum, its nearest 
ally — in the latter the boss being always shaped like a small tent. 
If, however, the perfect calice be awanting, if there is either a 
transverse or a longitudinal section of the coral for comparison 
with the accompanying plates, the observer will at all times be 
enabled to identify either genera or species. 

FamUy, . . CYATHOPHYLLIDiE. 
Tribe, . . ASPIDIOPHYLLACEA. 
Genus, . . ASPIDIOPHYLLUM. 

Generic characters — Corallum cylindriconical, tall, frequently 
found six inches in length; curved, circular accretions, ridges 
irregular; calice circular, shallow, and everted in some forms, 
whilst in other forms it is thin around the margin, and moderately 
deep; septa thin with well marked lamina for about half their 
length from the inner margin, where they become flexous; 
columellarian boss prominent and helmet-shaped, one-half dome- 
shaped, whilst the other half slopes down to the inner margin of 
the primary septa, on the dorsal side of the calice. See Pt. I, fig. 7. 
Lamellse in the form of keeled ridges, the median lamella longer 
than the others, and passing over the boss, and descending in the 
form of a prominent keel, and passing into the fossula, on the 
anterior side of the calice. A vertical section shews (see Pt. I., fig. 
1.) that the central area is distinct from the genus Clisiophyllum, its. 
nearest ally, the columella is essential, and formed of laminae whicli 
arise from the base of the corallum, and is laterally united by 
concave endothecal dLssepiments. Fossula with small septa in it^ 
and a portion of the endotheca of the central mass passes into it. 

In establishing this genus I do so for the reception of a group of 
coials that I discovered many years ago in Thii^dpart Quaiiy, 
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three miles to the south of Beith, Ayrshire, and I have sub- 
sequently found them in several localities throughout the central 
valley of Scotland, and in general they are found in a band of 
shale that overlies the lowest post of limestone. They seem to 
be more or less gregarious, as whenever they are found, they are 
frequently found in great numbers; at Dunbar they are very 
numerous, but in this locality they seem to have been exposed to 
the abrading and crushing influences of shore deposits, the internal 
structure being nearly all more or less crushed and destroyed. 
While conducting the cutting and polishing operations, in investi- 
gating the corals from the different localities, I had eighty-seven 
specimens from this locality cut at one time, and only four of their 
number had the structure sufficiently preserved to allow of identi- 
fication. In Fifeshire I have discovered them in a dark matrix ; 
but in this locality, as in some of the others, their existence seems 
to have been violently cut off by a sudden influx of sedimentary 
impurities fatal to their growth and final extinction. I have got 
them in a similar horizon near Mold in Wales, and near Penrith 
in Cumberland, and also in Castle-espie Quarry in the County of 
Down, Ireland. 

Aspidiophyllum Konhickiana, Thomson. Sp. Nov. 

Part I., Figs. 1. and 1a. 

Specific characters — Corallum tall, curved, and marked with 
broad accretion ridges, calice awanting, transverse section circular,^ 
central area seven lines broad, and nine lamellae, which are attached 
to the inner margin of the primary septa by endothecal dissepi- 
ments, and pass inwards to near the centre of the columellariaa 
space, which is composed of minute semicircular, vesicular plates* 
There are sixty-eight primary septa, formed by distinct laminse 
and flexous towards their outer margin, with an equal number 
of minute flexous secondary septa, which pass inwards from 
the epitheca for about a line in length, there they bend and 
become attached to the primary septa. The interseptal spaces are 
filled with numerous minute angular dissepiments. Fossula has 
two of the primary septa shorter than the others in it. 

Vertical section triareal ; outer area seven lines broad on each 
side, and composed of minute semicircular vesicular cells, arranged 
in oblique rows, convexity upwards and inwards; middle area three 
lines broad and formed of less convex vesicular plates and pass- 
ing into the central area. In the centre area there is a line visible 
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passing down the middle of the section, whilst other lamellar lines 
are seen passing interruptedly downwards, and each is laterally 
united by minute concave tubula. 

Corallum imperfect, it being broken at both extremities. Height 
of specimen 4 inches, diameter l^-inch. Found at Thirdpart 
Quarry, three miles to the south of Beith, Ayrshire, in a band of 
shale that overlies the lowest post of limestone. 

This elegant species I have dedicated to my excellent friend 
Professor De Koninck of Li^ge, Belgium, whose valuable works 
and suggestions have been of incalculable service in guiding and 
assisting me to a systematic classification of the carboniferous 
corals. He has, in the most generous manner, presented me with 
a beautiful collection of Belgium corals, which I shall ever treasure 
as a souvenir of the friendship of one of the most experienced 
palieontologists of our age. 

Fig. 7 and 7a is a young specimen, calice circular and moderately 
deep, columellarian boss helmet-shaped, from which I take the 
generic name. This specimen and figs. 2 and 2a, 4 and 4a, 8 and 
8a, seem to be young specimens of the above species. 

Found at Brockley, five miles to the south of Lesmahagow, Lanark- 
shire, in a band of shale that underlies the band of limestone in 
which Froductus gigantea is found, and associated with a variety of 
other forms of coralline remains, the most abundant of which is 
Liihostrotion junceum. In order that the transitions that occur in 
this genus may be as clearly defined as possible, I have delineated 
a number of the varieties, from the youngest stages of growth 
upwards; and to the perfect condition in which many of these 
forms are found alone can I lay any claim to being able to classify 
them in a difierent genus; and in order that there should be no 
doubts regarding the proper classification of these and other forms, 
I recently went over to the continent, and examined the types of 
M. Edwards and J. Haims in Paris, and Prof De Koninck in 
Belgium, and compared them with the structural details as deli- 
neated in my plates; and to Prof. De Koninck I beg to express my 
profound thanks, as to his kindness alone am I indebted for all the 
facilities I enjoyed, and for any information that I have ever 
received upon the Hugose corals of the carboniferous period. 

Aspidiophi/llum Huadeyana, Thomson. Sp. Nov, 

Part I, Fig. 3, and Part 2, Fig. 1. 

Specific characters — Corallum short, cylindriconical, and marked 
with irregular accretion ridges; calice circular, shallow, and everted; 
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columellarian boss prominent, i-inch broad, and helmet-shaped, and 
formed of short lamellae, central space composed of lax cellular 
endothecal dissepiments; the lamellsB in the form of keeled 
ridges. There are sixty-six primary septa exhibiting distinct 
lamina and flexous towards their outer margins, with an equal 
number of minute flexous secondary septa, and laterally united 
by minute angular dissepiments. Fossula with two of the primary 
septa in it shorter than the others. One of the primary septa 
opposite the point where the aiTOw is marked, is much shorter 
than the others. In the open interseptal space there is a small 
tube four lines long lying in a slanting direction, around the inner 
margin of which there is a group of ovular bodies, resembling ova, 
and being in close proximity to the inner margin of the primary septa 
I am inclined to think they are ova. A question, however, naturally 
presents itself — viz., how could the ova become fossilised and retain 
their ovular forms? This may be accounted for by supposing that 
their preservation had been the result of disease in that portion of the 
polyp's body, previous to their being ejected; and that the diseased 
portion having lost its vital functions, and consequently not being 
ejected, the ova were necessarily imbedded, and finally enveloped in 
the silo-calcareous matter of which the coral is composed. The fact 
of their being in that form is interesting and highly suggestive and 
worthy of further investigation. This being the only specimen in 
which I have found these ovular bodies, I felt the desirability of not 
asserting positively that they are ova until other corroborative evi- 
dence is discovered. It is noteworthy, however, that in making a 
transparent section, in order to see whether they were local or other- 
wise, I ground away about the 500th part of an inch off" the face of 
the specimen, and reduced their number from twenty to about 
half that number (see plate 2, fig. 1, which is enlarged four dia- 
meters), establishing beyond all doubt that they are sufficiently 
local and minute to warrant us in, at least, assuming that if not 
ova, they much resemble ova. In the meantime I merely wish to 
record the discovery, in order that the attention of other observers 
may be directed to this important point. The solution of the 
problem being important biologically, I have much pleasure in 
dedicating the species to the name of Prof Huxley, one of our 
greatest biologists. Found in a thin band of shale that overlies the 
lowest post of limestone in Thirdpart Quarry, three miles to the 
south of Beith, Ayrshire. 
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AspidiophyUum Cruciform. Thomson. Sp. Nov, 

Part 1, Fig. 5. 

Specific characters — Coralhim cylindriconical, curved, short, epi- 
theca coarsely granulated, accretion ridges irregular, calice circular 
and everted, columellarian boss prominent, helmet-shaped, oval in 
outline, and crowned by lamellss in the form of keeled ridges ; the 
median lamella is more prominent than the others, which in a 
transverse section present the form of a Maltese cross. There are 
fifty-two primary septa, with distinct lamina for a third of their 
length from the inner margin, where they become flexous and 
pass outwards to the epitheca, and an equal number of secondary 
septa, which pass for one line inwards from the epitheca. Where 
they bend and are united to the primary septa, the interseptal 
spaces are filled up by numerous angular dissepiments. Fossula 
with three of the primary septa shorter than the others in it. 
Height ofcorallum, 2 inches; breadth of calice, 1 inch 3 lines. 

This species differs from the preceding in the elliptical aspect of 
the columellarian boss, and in the cruciform aspect in a transverse 
section. 

Found in a band of shale that overlies the lowest post of 
limestone in Thirdpart Quarry, three miles to the south of Beith, 
Ayrshire. 

Aspidiophyllum Elegans, Thomson. Sp. Nov, 

Part 1, Figs. 9 and 9a. 

Specific characters — Corallum cylindriconical, and presenting well 
marked irregular accretion ridges, calice circular, shallow, with a 
thin everted edge; columellarian boss prominent, helmet-shaped, 
with lamellsB, median lamella prominent aud forming a keeled ridge, 
and passing down into the fossula. There are sixty-eight primary 
septa, each formed by lamina for a third of the distance from the 
inner margin, where they become flexous and pass to the epitheca. 
There are an equal number of secondary septa, which pass inwards 
from the epitheca for two lines, where they bend and are attached 
to the primary septa, and each is united by vesicular interseptal 
dissepiments. Fossula with one of the primary septa shorter than 
the others in it. Height of corallum unknown, there being only 
a portion of it IJ inch long. The lower extremity is awanting. 
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Found iu Third part Quarry, three miles S.E. of Beith, Ayrshire, 
in a thin bed of shale that overlies the low post of limestone. 

AspidiophyUum Hennedii, Thomson. Sp. Ncyv. 

Part 1, Fig. 6. 

Specific characters — Corallum curved turbinate, and marked "with 
thick, irregular accretion ridges ; calice circular and moderately deep, 
with a thin everted edge; columellarian boss small and elliptical, 
prominent; epitheca thick and roughly granulated. Sixty-four 
primary septa with distinct thin lamellse ; the outer margin becomes 
ilexous. There is an equal number of short secondary septa, one 
and a-half lines long, passing inwards from the epitheca, and each is 
laterally united by angular interseptal dissepiments. Fossula in 
the convex side of the corallum, with two of the primary septa 
shorter than the others in it. Height of corallum, 2 inches; 
breadth of calice, 1 inch 4 lines. 

Found in the thin shale band that overlies the low post of lime- 
stone in Thirdpart Quarry, three miles S.E. of Beith, Ayrshire. 

This form differs from the preceding in the general outline 
of the corallum, and in the elliptical aspect of the columellarian 
boss, also the endothecal dissepiments are more lax than others, 
And the remarkable growth of the inner area in that portion of 
the corallum that is bounded by the interseptal locula which is 
produced beyond the calice about a half of an inch, suggesting that 
the outer margin of the polyp had lost its vitality, while in 
the region of the interseptal locula it continued to secrete the 
ingredients of which the corallum is composed. I have discovered 
several forms belonging to this genus, and only in this locality, 
exhibiting similar abnormal aspects. Indeed, I have specimens in 
which that portion of the corallum is produced for at least five 
inches above the calice. 

I have much pleasure in dedicating the species to my much 
esteemed friend* Mr. Roger Hennedy, Lecturer on Botany in the 
Andersonian University of Glasgow, a gentleman who is ever ready 
to assist and give the benefit of his great acquirements to all tme 
students of Natural History, and to whom the author is indebted 
for many obligations. 

Discussion on Mr. Thomson's Paper. 

Mr. WuNscH bore testimony, from personal experience, to the 
astonishing labour Mr. Thomson must have undergone in invest!- 
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gatmg these corals. The Philosophical Society was very lucky in 
getting such a paper, with so many beautiful illustrations, which 
properly belonged to the Geological Society. 

Mr. Mater suggested that Mr. John Young, although not ar 
member of the Society, might be called on for some remarks on the 
paper, with the subject of which he was well acquainted. 

Mr. John Young said — Not having made carboniferous corals my 
speciality, I am afraid I cannot add veiy much to the clear descrip- 
tions Mr. Thomson has given us, so that what I have to say will be 
somewhat general. It is well kno^ii throughout Britain and other 
parts of the world where investigations are going on in carboniferous 
corals, that Mr. Thomson has done a great deal in elucidating the his- 
tory of many of these interesting organisms. Mr. Thomson has made 
a speciality of these corals, and has brought many new genera before 
118 which, if previously known, were only imperfectly figured and 
described. The group of corals which Mr. Thomson has investigated 
are perhaps not to be equalled, as regards their state of preservation,. 
in any other carboniferous strata on the surfiELce of the globe. He 
has had the opportunity of examining specimens from many other 
parts, and he has stated that, without exception, those belonging to 
the Glasgow coal field are the best preserved he has yet met with. If 
he continue his investigations, I have no doubt he will still continue 
to meet with new forms which have not been properly determined 
nor described. These organisms belonged to a class of corals that 
closed their life, so far as known, with the Palseczoic Period, none of 
the group being found in the strata of the Secondary and Tertiary 
Periods, and none exist in our recent seas. They are found in very 
great abundance in certain of the strata of the carboniferous lime- 
stone series, and it is surprising with what beauty their internal struc- 
tures are preserved in most cases. The parts that are left us, and which 
form the fossil coral, are only the hard parts secreted by the animal. 
The soft parts of the animal itself sat in these cups, just as one of our 
recent sea-anemones does on the rock to which it is attached, only 
with this observable difference, that our recent anemones, which 
belong to the same division of the animal kingdom, do not secrete 
a calcareous skeleton as these ancient corals did. When we see the 
diversity of structure between one of these corals and another, we 
must admit that there was a similar diversity in the soft parts of 
the animals themselves, so that it is only by the minute study of 
the various parts, obtained by cutting longitudinal and transverse 
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sections of the coral, that we can obtain a clear knowledge of the 
true structure of the skeleton of the animal. The study of these old 
forms of coralline life is a very interesting one, and is well worthy 
of all the care and attention that Mr. Thomson has bestowed on it. 
In reference to what Mr. Thomson has said about the ova being 
preserved in the fossula of one of his specimens, we do not know of 
any recent ova of zoophytes which would be likely to be presei-ved 
in a calcareous state within the soft body of the animal. Many sofl- 
bodied zoophytes may have existed along with these carboniferouH 
corals; just in the same condition as the anemones of the British seas 
do exist, yet none of them are found to be preserved in a fossil 
state. This gives all the greater interest, therefore, to the forms of 
turbinated corals that are preserved to us. These corals, in some 
districts, exist in such abundance as' to form ancient coral reefs of 
local extent, and it is an interesting fact that many of these reefs 
are found in the neighbourhood of volcanoes of the carboniferous 
period, shewing that heat to some extent was necessary for their 
existence over these tracts of the sea-bottom. The fossils arc in 
many cases interstratified with beds of volcanic or trappean ash. I 
hope Mr. Thomson may continue his researches in this branch of 
study. I also wish that many more workers would make specialities 
of particular branches of Natural History as truly as Mr. Thomson 
has done. 
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Plate L 



Fig. L — Aspidiophyllum Konlnckiana. Thomson. Natural size. Shewing the 
triareal arrangement of the vesicalar celU; cater area shewing 
arrangement of the dissepiments that fill np the intersejital sx)aceB. 
Also, those of the interlocular spaces in the middle area, and the 
arrangement of the minute concave tabulxe that laterally unites the 
lamelLe in the central area. 

Fig. 1a. — A transverse section of the same, shewing the form and arrangement 
of the septa, and the lamells of the oolumellarian space. 

Fig. 2. — A young specimen belongiog to the preceding specief. Oalioe im- 
perfect. 

Jig. 2a. — A transverse section of the same, shewing the arrangement of the 
septa and the lamellg in the eariier stages of growth. 
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Fig. 4. — AiMBtiu&t young a peeimep of the nme, triih faraad everted caEoe. 

Fig. 4a. — ^A tra mve re e eecticm of tlie same. 

Fif^ 7. — ^A ]Brgor •pecimen of the ome, shewing the helmet-ehmped Ikmb in the 
centre of the calioe. A portion of the margin of the calioe and tiie 
ejjitheca is eroded away by atmoaphenc agendea. 

Fig. 7a. — ^A traaaverae aeotion of the aame. 

Fig. 8. — ^A young apeoimeii of the same. 

Fig. 8a. — ^A tcanavene aection of the same. 

Fig. 2. — AtpkUopkifUmm JIuzle^aatL Thomaon. A tnnBrerae section, ihewing 
the Ibfm of the aepta and the remaxkal]leanaDgBinent of thelaaielbe 

septa ia aeen ahotter than like othen. In this inteneptal qnee ia 
seen a email darate tube, araond the inner margin of wiudi, aad 
oontignons to the inner margin of the primary aepta, is seen a groop 
of ovular bodies. 



Fig. 6. — AtpidkfpkpQmm CrtijeifiMrnL TliomsQn. Atcansvetae 

tbeangnlarariaagcmcptof thelamrflipinthecohimrflarian 

Fig. 6. — Atpidiopk^lbtm Hennedti Thomson. A traasrerse sectaoo. 

Fig. 9. — A^fidiopkifliMm Elegatu, Thomaoo. Ujiper sor&oe of calioe, shiwin^ 
the form of oolnmeUaiiaa boas and the anangement of lamelbe. 

Fig. 9a.— A traosTerse section ol the same. 

The longitiidinal section of Fig. 1, and all the transrene sertimw, aic fiM- 
stmiles of the sectioDS. 

Plate IL 

Fig. L — AipkUapkifUum Huxk^oMa. Thomson. Enlarged foor diameters. 
Shewing the arrangement of ovular bodies and the diminntaon ta 
nombem after the 500th part of an inch was ground away. 
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XII. — Address to tfie Chemical f Section of t/te FhUosophical Society/ 
of Glasgow, by the President, Edward C. C. Stanford, F.C.S. 



[Read before the Chemical Section of the Society, Nov. 9, 1874.] 



Gentlemen — Since I last had the honour of addressing you from 
this chair, we have sustained a severe loss— only a week since Dr. 
Thomas Anderson departed this life. Educated in the University 
of Edinburgh, where he graduated as M.D., he afterwards studied 
under Berzelius at Stockholm, and under Liebig at Giessen. He 
did full justice to the teaching of these great chemists, and was 
author of a number of most important researches. Amongst these, 
his researches on some of the opium bases, and particularly those 
on the bases of coal tar and bone oil, earned for him a high reputa- 
tion amongst European chemists. Those only who have experienced 
the difficulties and dangers attending such an exhaustive research 
as that of Anderson on the coal tar bases and bone oil bases, can 
appreciate rightly the enormous amount of work involved. Mans- 
field had lost his life in a similar research ; and any chemist who 
wishes to subject himself to penance should take up a research on 
some kind of tar : he will not only provide himself with work for 
life, but he will find that his friends prefer to keep him at a distance. 
Few who have not studied these researches would understand their 
practical value; but to those who would apply the " cut bono" test, 
I would remark that Anderson, though not the actual discoverer, 
was the first to fully investigate Anthracene, and under the name 
of Oxanthracene he actually described that remarkable oxidised 
derivative of Anthracene now known as Anthraquinone. This sub- 
stance is the starting point in the manufacture of Alizarine — ^the 
colouring principle of madder — a vegetable colour which has so long 
defied the efforts of chemists to reproduce it in the laboratory. So 
that Anderson may be really said to have laid the foundation of 
one of the largest and most scientific of chemical manu&ctures. 

His numerous researches earned him the distinction of Fellow of 
the Royal Society, and in 1852 he was appointed Regius Professor 
of Chemistry in the University of Glasgow, having previously 
been appointed Chemist to the Highland and Agricultural Society. 
These appointments he held to within a short i)eriod of his death. 
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He will be mourned by all chemists, as his fame was world-wide; 
but we ought to be the chief mourners. Some of my colleagues 
around me will remember that we did not organise this Section 
without considerable difficulty and even opposition in some quai'ters 
where we least expected it. Knowing the want of a Chemical 
Society in a city like this, where almost every known chemical 
manufacture is represented, we were much encouraged by the warm 
co-operation and assistance of the late Dr. Anderson. 

We have been pained to see him the last year or two becoming 
enfeebled. He was our first President; and whilst all Europe 
mourns a distinguished and accomplished chemist, we misfs his 
friendly advice and courteous demeanour to one and all of us, who 
mourn the man even more than the chemist lost. 

I may congratulate you on the increasing prosperity of this 
Section. We have largely assisted the membership of the Society, 
and now there are no less than three other Sections added, result- 
ing — as some day, I hope it may — in gathering all the Scientific 
Societies in Glasgow under one roof, and their proceedings into one 
book; and until that is accomplished, the Proceedings of the Philo- 
8ophicaZ Society of Glasgow will not properly represent the science of 
this city. I would wish to add that the reporting of the discussions 
in this and other Sections is open to great improvement : it is often 
the most important pai*t of the meeting, and we have not the means 
of rendering it. 

The recent meeting here of the Social Science Association has, 
by the appointment of Dr. Lyon Playfair as the President of the 
Health Section, given considerable prominence to the chemistry of 
health. The address of that eminent chemist was, as might have 
been expected, a masterpiece. In my opinion it is quite time the 
aid of chemical research should be called in to assist in this subject. 
It is remarkable even now how little we know chemically of the air 
we breathe, the soil we live upon, the water we drink, and the food 
we eat. The chemistry of Hygiene is quite in its infancy. 

Pettenkofer avers that in all healthy houses we virtually live out- 
doors, the walls being largely pervious to air, and he shews that 
where these walls are saturated with water, as must often happen 
with the porous sandstone houses of this city, they become imper- 
vious to air, and therefore unhealthy. It has been found that to 
keep the air pure in houses a ventilation is necessary of more than 
2,100 cubic feet per head per hour. Tliis appears enormous, when 
it is remembered that an individual does not inhale and exhale 
more than 18 cubic feet of air per hour. 
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When the Model Hospital la Riboisiere was erected in the 
Faubourg Poissonni^re, it was furnished with artificial ventilation : 
700 cubic feet per head per hour was judged ample for all require- 
ments. At this rate the air in the wards was quite foul, and it was 
not until 2,120 cubic feet were used that the hospital was pure. 
The rate now recommended is as follows: — 

Per Head per Hour. 
In Hospitals for Ordinary Cases, . . 2,120— 2470 cubic feet. 
,, ,, Wounded, . . . 3,530 ,, 

,, ,, Epidemics, . . . 5,300 ,, 

Pettenkofer shews that most of the ventilation of a room is 
through the walls, and we are apt to forget how extremely porous 
to gases these septa generally are. He reckons the average rate 
per square yard at about 7 cubic feet, or 43 gallons per hour. 

He employs carbonic acid measurements in these researches; 
and the large wall ventilation shews that smaller houses have more 
ventilation, in proportion to their size, than large ones. In earth 
hovels the ventilation is about 14 cubic feet per hour, or double the 
average rate, owing to the greater porosity. 

His researches generally are most interesting; and when we con- 
sider the number of germs of disease often in the air, we must 
confess that our air chemistry is sadly at fault. 

Turning now to the soil we dwell on, we should not forget 
that our houses are practically, if well drained, built on air, or 
rather on soil full of air, and we know if this soil be full of water 
our health suflfers. The porosity of soil to air and gases is so 
remarkable, that Pettenkofer relates cases of " persons poisoned and 
killed by gas which had to travel for twenty feet under the street, 
and then through the foundations, cellar vaults, and flooring of the 
ground-floor rooms." The porosity of the soil has an important 
effect on the decomposition of corpses; it has been shewn that in a 
porous soil the body rapidly decays, whereas in a clay soil it is 
preserved for long periods; and it shews the necessity for proper 
investigation before deciding on sites for cemeteries — unless we 
are to make our relations into gas, and thus " live by the light of 
our ancestors," as Dr. Lyon Playfeir has suggested. 

Turning to the water we drink, there is still, unfortunately, great 
diflerence of opinion as to the proper composition of a good drink- 
ing water. The term "previous sewage contamination" which has 
been introduced is misleading, because some of the deep-well waters 
will shew large amounts of nitrates without a trace of organic 
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matter — and it does not follow that these nitrates have been derived 
from sewage. 

On the other hand, our own celebrated Jjoch Katrine water con- 
tains nearly as much organic matter as that of the best London 
snpply ; and there is no doubt, to be entirely free from all suspicion, 
this organic matter should be separated by filtration. 

Professor Wanklyn's method of water analysis has given us great 
facilities in easily assessing the value of a drinking water, and his 
manual on the subject should be in the hands of all analysts; for 
the analysis of drinking water is now constantly required. 

The amount of ignorance which generally prevails on this subject 
is extraordinary ; it is impossible to convince healthy villagers that 
they have long been in the habit of drinking a dangerous water — 
and the analyst must always expect great opposition to his state- 
ments. In one case in Scotland where a good water supply was 
voted against, I took the trouble to inquire the reasons of two voters. 
One said the engineer knew nothing about it, because he had got 
one 6-inch pipe to supply two i-inch pipes, which was impossible; 
the other said that the engineer couldn't have laid down the pipes 
right, because he hadn't measured the ground, forgetting that the 
ordnance map very accurately supplied him with the data. How 
can such people judge of the analysis of a water? 

The question of water supply naturally leads us to the considera- 
tion of that supply after our houses have fouled it into sewage. 
The President of the Health Section of the Social Science Meeting 
summed up the processes for dealing with this question into the 
one old law, " Wash and be clean." This is applied to individuals 
and to houses; as to manufactories, he advocates another law, ^' Thou 
shalt not pollute rivers," — thus evidently advocating interception. 
I have always been strongly of opinion that these two laws must 
some day be enforced upon us. If we have only to deal with the 
water supply before and after it leaves our houses, wo deal with a 
definite fixed quantity so comparatively small that it is easily dealt 
with. At present, however, the sewage of towns contains ako 
that very variable item, the i*ainfall ; and whenever this has to be 
included, it upsets all systems of filtration, irrigation, &c, because 
in time of floods it must be run to the nearest river. If the water- 
closet system is to be continued, it must be carried out in a separate 
system of impervious sewers; and if it is to be utilised, that result 
must be attained before the assistance of chemists is called in. 

As long as the value of the material to be utilised is only one 
penny per ton, we must leave the towns to the tender but expensive 
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mercies of the engineer. As for irrigation, farmers in the west 
of Scotland do not, as a rule, complain for want of water, 
and, as far as I know, would prefer their manure drj — certainly 
not in that extraordinary state of dilution which characterises 
the Glasgow sewage, which is only about two-thirds the average 
Talue. 

Bad as our river is, we have had more processes brought before 
the authorities here than anywhere else; three of these are at 
present little known elsewhere. 

I allude to Mr. Chapman's method of utilising the urine of the 
city, to the Hoey limited water-closet system, and to the carbon 
closet system. An interesting report on these processes, by Dr. 
Wallace, has been published by the Glasgow Police Board. All 
these processes are those of interception, and are all steps in 
advance, because all are utilising what has hitherto been waste and 
polluting material. Any method of keeping valuable pollution out 
of the sewers ought to be encouraged, because by so much it lessens 
the difficulty. The question will probably ultimately resolve itself 
into this — that all polluting material must be kept out of the sewers, 
manufacturers must look after their own pollutions, and house^ 
holders after theirs, the town looking after the rainfall and streets. 
Taken at the outlet, the question is extremely difficult; taken at the 
house, it is easy; and house to house purification may become the 
real solution of the difficulty. 

Before leaving the subject of sewage, I would say a few words 
on disinfection ; the public appear to me to be altogether on the 
Tnrong tack. Chloride of lime and carbolic acid are making our 
cities everywhere oflfensive ; both these substances act well if con- 
centrated : they act like the clear, sharp cut of the surgeon's kdife, 
but they do not bear dilution. Both substances when dilute have 
been found actually to favour the growth of germs, and it cannot be 
too generally known that the universal use of these substances to 
overcome bad smells is simply substituting one stink for another. 
There is nothing more difficult than the purification of infected air. 
A good disinfectant should not itself foul the air it pretends to 
purify. The only true way to disinfect is to prevent decomposition. 
We have several old antiseptics which ought not to be forgotten • 
Dr. Angus Smith has shewn that common salt is much cheaper 
and better than these popular and odoriferous remedies. I have 
strongly urged the use of chloride of calcium for this purpose. It 
is the cheapest of all disinfectants, and could be got in enormous 
quantities. 
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The food question leiids us to the oonsidentioii of the Adultera- 
tion of Food Act. This has giren rise to a large number of 
appointments to chemists as local analysts. UnfortunatelT, our 
science has not hitherto come well out of the sudden demand on it. 
In the first place, the appointments were so numerous that we had 
not the men; and there is no doubt that our processes for the 
detection of adulterations in food were rerv crude and immature. 
These, howcTer, are merelr temporarr difficulties^ Wankljn in his 
series of food researches has shewn that milk, tea, coffee, and coeoa 
can be accurately tested ; but these are but a small portion of what 
oomes under the public analyst^s attention. The position not only 
requires high analytical ability, l>ut a large knowledge of the trades 
in food products. 

The subject of commercial analysis has been brought before you 
during the past session. The great discrepancies between different 
analysts, which have given rise to the very objectionable titles of 
'' high and low chemists," have been a scandal to our sdenoe. With 
a view of making some reform, we agreed to petition the British 
Association to appoint a Committee to inquire into the methods of 
testing potash salts and phosphates, those being the substances 
in which we had noticed the greatest variation, and, if possible, 
arrive at standard processes of general application, and agree as to 
statement of analytical results. We applied also to the Newcastle 
Chemical Society to support us in the application. They held a 
special meeting on the subject, and warmly supported us, ^^diling 
in their resolution the following substances :^-copper, soda» and 
sulphur. Shewing how strongly they felt in that large centre of 
manufi°uH;uring chemistry, they also passed the following resolution : 
— ^'And that this Society is of opinion that the sub-committee 
suggested might also usefully inquire into the question of instituting 
a professional examination for a diploma, without which no person 
should be legally qualified as a public analyst." This resolution 
was soon after given effect to in a meeting of public analysts held 
in London, under the presidency of Dr. Redwood, and where 
resolutions were passed almost identical. These chemists had 
been roused to action by the suggestion of the Committee on 
Adulteration, that the Inland Kevenue Laboratory should be the 
ultimate court of appeal in disputed cases. The Adulteration of 
Food Act has done much good; and when it is, as it will be, 
regulated by the analyses of accomplished chemists, working by 
accurate chemical processes, and not by microscopic medical men, 
it will be a great boon to the nation. The British Association 
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appointed a committee with a grant of £10 to meet our wishes, and 
inquire into potash salts and superposphates. 

The Committee consists of Dr. Dewar, Messrs. Fletcher, Allen, 
and Stanford, with power to add to their number — Mr. Allen being 
Secretary. We have already received several letters shewing how 
much such a Committee was required, and we hope before next year 
to report at any rate on the processes usually adopted. 

I fear we cannot congratulate ourselves on the progress of 
original research during the past year. We have no transit of 
a chemical Venus to do for our science what will bo done for 
Astronomy this year. Professor Grant, in his presidential address, 
has reminded us, however, that for any chemist who is tired of the 
aarth there is the sun to work on. Our accurate knowledge of 
most of the materials surrounding the sun shews that our chemical 
methods are not now limited to the earth ; and it is open to any 
aspiring genius to discover the unknown element that gives rise to 
the bright green line in the sun's spectrum. It is unnecessary now 
to go there for the purpose. One of the most remarkable discoveries 
of the year is that of Tiemann and Haarmaan, who have succeeded 
in splitting up the glucoside coniferin into glucose and a white 
crystalline substance, which is identical in every respect with 
vanillin, obtained from vanilla. A manufactory has been estab- 
lished in Germany to thus prepare artificially this hitherto 
expensive natural product. 

The Society of German Ultramarine Manufacturers have offered 
a prize of one thousand imperial marks for the best work on the 
constitution of ultramarine, and the exact form of combination in 
which the sulphur exists. If any of our members think of taking 
up this research, I would point out that many of the sulphur com- 
pounds with alkalies are undefined. No perfect explanation has 
yet been given of the curious colour changes in the evaporation of 
caustic soda, from dark red to green and blue, before actual fluxing. 
I would also remind those who wish "something to tussle with," 
that artificial quinine is yet undiscovered, and that our late Pre- 
sident has left a splendid legacy to any of us who would follow 
his opium researches, and reproduce the active principles of that 
important drug. We know very little about the real causes of 
nitrification. I have shewn that neither charcoal nor earth oxidise 
ordinary nitrogenous organic matter, and that the latter simply 
produces decay and evolution of ammonia. In solution the action 
of various filtering media on nitrogenous organic matter is very 
imperfectly understood. I shall have some experiments on this 
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subject to bring before you during the session ; but I would only 
premise here that filtration through porous bodies tends to convert 
the nitrogen into ammonia rather than, as generally supposed, into 
nitric acid. "We may, I hope, look to our newly appointed Pro- 
fessors of Chemistry in this city for many original papers. They 
are all young, and they follow men who have been very eminent in 
this respect. I appeal to them to shew us that original research is 
not dead here. 

Those engaged in the manufacture of chemicals have enough to 
do now to hold their own against foreign competition. Where 
elaborate chemical processes are required — as, for instance, in the 
preparation of the natural alkaloids — we cannot compete with the 
German manufacturers, who, with the exceptions of quinine and 
morphia, have this class of manufeicture mostly in their own hands. 
We cannot secure sufficiently educated workmen for this high 
class of work. One of the most important contributions from the 
laboratory to medical science is chloral hydrate, the first narcotic 
artificially produced. This substance, for which there is now an 
enormous demand in medicine, is almost all imported. Our manu- 
fisujturers in this and in the alkaloids are also handicapped by the 
large duty payable on alcohol in this country. We can obtain 
methylated spirit free of duty for manufiicturing purposes; but 
unfortunately this is an impure spirit, and unsuitable for the pre- 
paration of pure chemicals. The object of this admixture was to 
prevent the use of this spirit for drinking ; but seeing that it is 
easily "cleaned," and that even in the rough state it is largely sold 
and reailily bought for this purpose, the object desii*ed has not been 
attained. As the use of this spirit entitles the excise officers to 
visit the works, it appears to me that it would be very much better 
to allow the use of puce spirit in all chemical works under certain 
restrictions. 

Another important anodyne medicine contributed from the 
laboratory is bromide of potassium. The consumption of this 
medicine is now considerable, and daily increasing — so much so, 
that our ordinary resources would have failed to meet the demand. 
The lai'ge amount, however, imported from the German x>otas^ 
mines, and from America, enables us at present to keep up the 
supply. Iodine, hitherto obtained only from sea-weed, is now 
largely imported from Chili, extracted from the mother liquors of 
the Chilian caliche, after separation of the nitrate of soda. Large 
quantities are said to be procurable from this source. The supply 
exceeds the demand, and now a new outlet for iodine is looked for. 
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It is said that at a low price it would be largely used in tlie steel 
works. 

The German source of bromine has enormously increased our 
supply of potash. At one time our supplies were limited to the 
potash salts from sea-weed, the saltpetre from Indian and the 
potashes and pearlashes from America. We are now large exporters 
of both saltpetre and pearlash. The natural supplies of the latter 
have largely fallen off, and before long may cease altogether. 
Obtained from the ashes of forest trees, the manufacture of pearlash 
decreases with the spread of civilisation. The new supply from the 
German and other mines is far more important than all the other 
sources put together ; but the demand is gradually approaching it. 
The great importance of potash as a manure is only beginning to bo 
appreciated. The ashes of all our principal foods are remarkable 
for the large proportion of potash they contain. The most exhaustive 
crops are those which, as a rule, contain the most potash. Agri- 
cultural chemists have not generally placed a sufficient value on 
this ingredient of manures, but no manure is complete without it ; 
and it is as important to almost any crop as ammonia. Soda does 
not in the least replace it; and yet the beet-root producers of France 
have exported potash as part of their produce from the beet — a 
suicidal measure, it would seem, as it ought to be returned to 
the soil. 

In our great staple chemical industry — the manufacture of soda 
ash, the process of Lo Blanc still holds its own in this country. 
Everyone admits that the process is roundabout, and has many 
disadvantages, and yet no more direct method has yet superseded 
it We are threatened, however, by more than one process, espe- 
cially abroad, where the oldest rival has recently appeared, under 
the name of the ammonia process. This was originally introduced 
a long time ago by Hemmingway, who took out a patent for the 
manufacture of bicarbonate of soda (a salt not so easily produced 
then as now), and which realised then a high price compared with 
carbonate of soda, and the soda manu£Eicture was in the hands of a 
chosen few. The method was a decomposition of chloride of sodium 
by bicarbonate of ammonia. The decomposition is perfect, or "nette," 
as the French chemists say — a word for which we have no transla- 
tion; but the company formed to work it fladled, I believe, from the 
difficulty of washing away the two salts. Some foreign patents, and 
one by our distinguished citizen, James Toung, have improved this 
process as a means for making carbonate of soda; and although it 
has not made much progress in this country, it is said to be largely 
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-usetl ubroad, and "wt isre 'filirtaLkinfici lotih ^eict nppixdtanxi fram it. 
IDeucju^F jtrooesE cif difiBomiriiifm of liydroiiKIarir baid if KHotiLer i^raat 
8taj> in advBiiDeu The (&mct sctack of BiilpiifiCbe of Biid& 1enr loaxti, 
fiiLbii, if mioxiLLtir -vrMoL jmpr asjw di^r iMmaiat jl inmiidailiV £i^ipa&finx 
of Vbt jw^sBBUt ms^oi^ 

I± BippettrB to me, liywfvar, lihst lihf jhubi ^c-anu&ng in^ircrrsiDeiELt 
s lihat of WLsrgr^npreB said iiakniffi0XL, -vrlio dftoanQioae lihe ehlcniibe cf 
iKklEuin oEroot l^nr BiO^Tiraiis nkcid from liLf j>T:ni«eE Imrziflrs : (ti^ 
libuB dw) a'vraj 'vrxnb lihe ^veisr and tisar of Tindal dhmii'bcii^ aztd pro- 
;duoc BulpLKfce erf a liigti degree of pmrtj. 

Liai^ge -irariaB are luting erected in LantatfiliTre fnr tlos prwicfflL I 
hope 4iizTng lihe prtst^zn fiessaon some of onr menrbes^ ^!bo mre qvile 
eompetbein. to d^cnas "^nBt Trnprcn-flmegrtK. tqII ^siztg xiiem befome «& 
Oxke of l^e 2>ew imprcnremexds in manniacn^in^fi tibal a^i^mtr to se 
T^erj TaJxtabl^ is Mar&t''s iz^nLod erf maitiTtg fioaps dnpEiot frcsa tke 
e(M3Qlima.tia!ii of tihe ^ctj acad azkd tihe csrbc>iiii.tied nJlraiii.. i^tis *n*Li»^ 
* soap direct TKitibcvirt the ex^^eoiBe c£ csnsDcaaxtg tibe aii[t:ii}i, and tlie 
prolonged boQizicg Zkeoeffiasy to deoaanjioBe libe ool -or &t eaplojed, 
J2kd like Icia <)£ t^ irikdle of tbe ^roeiTDe. He Las wrxttefi % moGt 
«3ai>orate azki ocjs^ -work <m t^ ssLTecrt ; but I aan &cit avare that 
tii>e pTMXsBS is practicaJlT vcv^ed. We baxe sevenJ cazdmect soap- 
majors asK^Dgst •onr TDesxuhers^ aa>d I Lope some one of tiiem will 
^re us A psper an tHs snltj^^cL 

In our own alkaJi ntanii&ctnre manr unprctrements have been 
introdiKX^i. One of the most notable, perixaps, is the rerolring 
bla^rk ash fiimace^ irhich economises labour. Labcnir and inel 
are rerj important elements in the maniz&csbaie of soda ash, the 
raw maieiial being low in Talne. In potash working the waste 
ia the most important oonsideradon, ihe raw material being 



The utiliBation of waste is still the most important of chemical 
questiona. Weldon'a process of manganese reooverr and Mond's pro- 
cess of extraction of salphnr, are Talnable steps in the right direo- 
tion^ and each can be worked with a profit ; but thej are onl j steps, 
and neither can jet be considered perfect. I cannot leave this 
question withont referring to the process of one of our members, 
Mr. Mactear, whidi appears to me a great improvement, and is 
now in work at St. Bollox. He employs the sulpharons acid gas 
from pyrites for the oxidation of the yellow liquors, which are then 
decomposed by muriatic acid, thus obtaining both the sulphur of 
the waste and also of the pyrites. He is enabled also to take advan- 
tage of the natural rainfall, and simply use the liquor draining firom 
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the very large stock of waste which Messrs. Tennant & Company 
have in reserve. 

Manufacturers may expect next year an amendment of the Alkali 
Act. I do not know if the 5 per cent, allowance of hydrochloric 
acid escaping will be reduced, but I think it ought to be. Half this 
would appear to me not unreasonable. Certainly sulphurous acid 
will be included in the new law, and it ought to be, for I am con- 
vinced, from personal observation, that sulphurous acid is more 
destructive to crops than hydrochloric acid. 

Under the new laws we shall have to be more and more parti- 
cular in our chimney testing. It is unfortunate that although we 
can easily determine the gases in a cubic foot of the air passing up 
our chimneys, it is exceedingly difficult to ascertain exactly how 
many cubic feet pass per minute — I have tried every apparatus yet 
introduced, but none appear to me quite trustworthy and satisfac- 
tory — in working on such a variable rate as that of a chimney. 
As to the testing of the chimney, in our own works I employ a 
simple apparatus," which is not generally used, but which I can 
thoroughly recommend. On a platform, about twenty feet high, 
we have a box of stout lead, of exactly a cubic foot capacity. It is 
arranged with a tap near that can be used to fill it with water ; when 
filled, a tube on the top is attached to Woulflf's bottles, containing 
the solutions through which the gas is to be drawn ; a cock at the 
bottom is then opened, and the water allowed to run off — thus draw- 
ing through the solutions exactly one cubic foot of gas. In the 
ordinary alkali inspector's bellows this requires eight exhaustions. 
The operation is very tedious and inaccurate. We test thus 
twice a day for hydrochloric acid, sulphurous acid, potash, and 
ammonia. 

Our manufacturers may hope for a better class of workmen from 
the technical colleges which are now springing up over the country. 
In the Yorkshire College of Science, now commencing its first 
session, the Clothworker^s Company of London have founded eight 
Studentships — four of £30 each, and four of £25 each. I hope this 
example will be largely followed in our new Technical College to 
be established in this city, and that ere long our workmen will be 
as much renowned for their scientific and technical knowledge as 
they are for their power of doing hard work. Our working classes 
are generally superior to others, so far as the actual amount of work 
they can do is concerned, and it is our duty to put them on the 
same level as their competitors abroad. I have no fear of retaining 
our supremacy if we cultivate heads as well as hands. 
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In inaugiirating another session, I would again remind you that 
we shall be glad to receive laboratory notes, or incomplete papers, 
on any novel phenomena. Indeed, I would repeat what was stated 
in my last address, that a paper describing failures would be most 
instructive. I hope that all will give us the benefit of their obser- 
vation and experience, and endeavour to make the session to-night 
inaugurated excel all those which have preceded it. 
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XIII. — On the Apparent Absence of Air and Water from the Moon. 
By Mr. Francis Napier. Communicated by Mr. James R. 
Napier. 



[Read before the Society, December 2, 1874] 



1. That the surface of the moon is devoid of both air and water, 
at least, that neither can be detected by the most delicate obser- 
vations, is a fact admitted by all who have made om* satellite the 
subject of their special study. 

If the earth and moon originally formed part of the same 
nebulous mass, it seems inexplicable that what is so abundant 
in the one should be absent in the other ; and it is the object of 
the present paper to endeavour to shew that, notwithstanding the 
admitted fact that neither air nor water can be at present detected 
on the moon's surface^ it is quite within the range of possibility, if 
not highly probable, that both may have existed on the moon's 
surface as atmosphere and ocean to an equal degi^ee relatively to its 
size, that they do on our earth; but that they have now disappeared 
from the surface and gone into the interior, leaving no visible trace 
behind. 

2. We assume that the moon, equally with the earth, has been 
in a molten state, and for incalculable ages has been cooling till it 
arrived at its present temperature. This is an assumption so 
generally admitted that nothing further need be said upon it. 

3. In the process of cooling the outer alieU must first have become 
solid, the thin crust cracking and yielding to the contractile force of 
the cooling mass, but continually thickening and becoming stronger, 
so as to be able to resist more and more the crushing forca 

4. As the * pressure caused by the gravitating force of a thin 
spherical shell on the particles of which it is composed diminishes 
with the diameter of the shell, and therefore the average crushing 
force diminishes with the thickness; and the power to resist the 
crushing force increases in a high ratio to the thickness, becoming, 
in £9ict, almost infinite long before the whole mass becomes solid, 
there must be a given thickness of shell at which it will resist all 
further contraction. What that thickness would be is of course 
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matter of conjecture, and would depend on a variety of circum- 
stances which it is unnecessary to enumerate here. 

5. When it has attained this thickness all further cooling of the 
interior mass must necessarily result in the formation of cavities 
and hollows, like a honeycomb, the solid parts remaining as walls or 
ribs and buttresses, thus strengthening and stiffening the outer 
shell, and enabling it still further to resist the enoimous pressure 
to which it would be subjected. 

6. These chasms and caves would increase in volume in the ratio 
of the contraction of the interior mass of molten matter after the 
outer shell had become fixed The amount of this contraction 
would depend (1.) on the thickness of the external shell, (2.) on the 
total reduction of temperature from the time the outer crust became 
rigid, and (3.) on the ratio of heat-expansion of the materials of the 
moon's nucleus. 

7. As these are points on which we have no data, for the sake of 
argument they may be assumed. Suppose the moon's crust to have 
solidified to a depth of 200 miles (or one-fiffch of its radius) before it 
became sufficiently rigid to resist all further deformation (and it 
cannot well be conceived how a spherical shell of this thickness could 
crumple up under any equally distributed pressure normal to the 
surflELce). It may also be taken for granted that the ratio of heat- 
expansion of the materials of the moon is about the same as that of 
the rocks composing the solid parts of our globe. 

8. The moon's volume being something over 5,000,000,000 of cubic 
miles, deducting from this the solid shell (as above sup|)osed to be 
200 miles thick) there will remain more than 2,500,000,000 of cubic 
miles of liquid matter in her interior to become consolidated. 

9. The amount of reduction of temperature after the outer shell 
has become fixed may be taken for argument's sake at 400° Fahren- 
heit (it might be many times this amount). The contraction con- 
sequent on this refrigeration, which may be safely taken at the 
same rate as that of terrestrial rocks, would be at least ^^ part, 
or more than 8,000,000 of cubic miles, which must necessarily appear 
in the form of hollows and caverns in the interior, communicating 
with each other by cracks and fissures, and with the surface by 
means of innumerable volcanic vents and craters existing there. 

10. Into these hollows the water that was on the moon's sur£EU)e 
would necessarily disappear, and there would be room enough for 
an ocean quite as large in proportion as the earth's— one that would 
cover half the moon's surface one mile deep, with nearly a million 
miles to spare — and tliis without taking into account the compres- 
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aion and consequent reduction in volume, caused hy the enormous 
hydrostatic pressure to which the water would be subjected (at a 
depth of 600 miles it would be reduced to nearly lialf its volume). 

11. Having disposed of the ocean, the disappearance of the 
atmosphere offers no difficulty. Supposing the moon to have 
originally possessed an atmosphere bearing the same ratio to its 
mass that ours does to that of the earth, it is easy to calculate that 
the lunar atmosphere would exert a pressure on the moon's surface 
of about five inches of mercury. But ^ve inches of mercury on the 
moon's surface would be equivalent to about five-sixths of an inch 
on the earth, which would therefore be the atmospheric density at 
the moon's surface. 

12. The bulk of a homogeneous atmosphere of this density would 
be about 436,000,000 of cubic miles. This air would rush into the 
spaces unoccupied by the water, doubling in density at first every 
20 miles of depth that it penetrated. At a depth of about 300 or 
400 miles it would have the density of water, when the whole of 
the atmosphere could be compressed into 13,000 cubic miles; and 
there is no reason to suppose that air may not be compressed even 
to the density of mercury, when a cavity of 1000 cubic miles would 
contain the whole. 

13. Thus the writer has attempted to shew, by means of ordinary 
well ascertained physical laws, that it is possible for a lunar ocean 
and atmosphere to have at one time existed, and yet, in the course 
of incalculable ages, they. might both disappear from the surface 
into the interior, leaving no measurable trace behind. 



Discussion on Mr. F. Napier's Paper. 

After the paper was read a que^stion arose as to the compres- 
sibility of water — viz., whether it was as great as stated by the 
author of the paper. To this he replied that the deductions drawn 
would hold even if water were perfectly incompressible, but that 
various physicists had shewn that the compressibility of water up 

to 220 atmospheres is ijoTo oo ^^ ^^ volume per atmosphere. 

It was then remarked that it was possible, if not probable, 
that the water would be converted into ice. With this the author 
of the paper agreed, adding, however, that it would not affect his 
argument. 
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Mr. GoLXMAN affirmed that however deep the cayities in tlie 
moon might be^ there must still remain a small quantity of air of 
low density on the sorface. 

Mr. MuiB remarked that if the argument was applicable to the 
moon, it was equally applicable to the earth, and that, theretoe^ 
the paper ought to be viewed as prophetic 



To the last two remarks the author assented. 
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XIV. — Exfperiments on Fluid Jets mid Induced Currents. 

By Mr. Alexander Morton. 



[Read before the Society, December 2, 1874.] 



During the experiments which led me to the "Ejector Condenser" 
I had at times occasion to make great variations in the form of 
apparatus used, as well as in the water and steam pressures under 
which the experiments were performed; and as I believe many of 
them are new, I now offer to the Society a description of the most 
noteworthy, which may be useful to others who may follow a 
similar course hereafter. 

The drawing, Plate I., shews some of the forms of apparatus 
used, which along with this paper may convey to you more fally 
the nature of the several experiments performed and the results 
obtained. The apparatus shewn in section by fig. 1, consists of a 
simple conoidal nozzle screwed into the body of the inlet or supply 
tube, which nozzle, when supplied with a head pressure of water of 
from 8 to 10 feet, discharged a jet vertically to within 1 foot of the 
height of the supply level, when there was little or no rotary 
motion in the jet on leaving the nozzle. To prevent this revolving 
motion I used a cross piece, shewn in plan, fig. 2, in the wide end 
of the nozzle, as I found it almost impossible to get steady results 
without it. Water falling freely through a tube, although perfectly 
straight and fr^e from any knees or bends, has always an inclina- 
tion to revolve in some direction in its onward course, and often, 
leaves the nozzle with such a velocity that the jet becomes broken 
into spray at a short distance from it. Certain knees and bends 
so increase the revolving motion, that the centrifugal force on 
issuing from the nozzle may nearly equal the impelling forward 
force of the jet; hence the necessity of a "cross piece" in every 
experiment, as steadiness and accuracy are of the greatest impor- 
tance in obtaining definite results. With the apparatus, fig. 1, 
suspended by a flexible India-rubber tube, as shewn by fig. 9, the 
reaction of the jet may be approximately obtained by measuring 
the angle to which it has been deflected ; but in my experiments, 
to obtain the greatest deflection with a given area of nozzle was my 
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sole aitu. To dedne the exact reaction of a given jet formed no 
pave of thef&e experiuieuts ; but 'when the "cross piece "* was in 
{•hwe, the :>iiuple ci>noiJal nozzle, deiivering freelv into the ^zmf>- 
aj.'h^-iv. ij ive the greatei*c reaction, and the impelled jec n.^se ro the 
gieiitCAr height. The apj»aratu*. tig. 3. has a very Large c«jn«>iiiai 
uozaIv.', wir.hiii whi'.-h aiid trulv ctmcentric therewith is iLxed a 
ccaciul ittivi'Lii;^ ^^''i'j'.r.-.* of "R-inewhii* less iiiamecer than the 
sui;ly.\.^^: Jiiiiiiciv.-r •.:' its !» v,^!-*, liixs forming an ann'ilar nozzle. 
With ^uch .ill :i[.«j'iii':i:ys, hitviji^ an anuTiIuH of greater aKa than 
thiic vt ihc sijupie nozzle* tiy;. 1. ^lie issiiiinr iec may not rise to one- 
half ilie 1)eighc when supi^iied fi-'jui tiie same head of water, evpir 
alibtjuuh iuci*ett5ed ill iirwi, u:ici* it delivers the same .jnantitv -if 
water in a giveu ti:ae. The i>:ii<;tion of :juch a 'et ia also propnr' 
tdoiKilly ic!>6 : mid wheu the annulus is of ^r^at •liameter eompairvl 
with ilmt 'ji :he »iiiiple nozide, the disclianre hecjmes so r»iUiicf*L 
hi 4U.iiii:ity thu: :i woi*se itjvm of nozzle in i-etaniini; :ht? iieiivriry 
c*ui scjtLcely be ojiieeived : .^ill, ther^ is in my opinion a worse 
form in u.se. 1 liei"*? i-efer to opiiiiurv safetv valves -if st€?ani 
boilers, which ure nui oiilv vtjrv lai^i*} annular nozzles, but are often 
su cou*ir»ieit;»l thai; the sttjaui luis z** '.ui-!! iibniptiy into a direction 
at right unfits to itself ou csscajiini;. T!io lift 'jf these valvos is 
generiilly vciy rsiiuul otjuiiiai**^! with their iiitmeter, oonsiN^uenily 
the thin tilm *a sieaui iiiui< ■>« ruoits :>?tunitd in '^^capinij than in 
any o( ciie nikuuiar iio^zles I h»vw -^x[»erimente»i witJi; therefore, 
witJi -lur ]»Leseui knowjeugt-. unie^ by a nieif ,:^iesB, w*» ixtuid not 
Sciy \v i t a 1 i 1 { n «.» oj*bl \ "• V ] hl- r -.>: n t . • »i the 'vei gh t t.if steam t iiat woidd 
ouii>;> tiLrou<k;h -iieui. 1 iiu u*.*t .iwai'e •*! auy authentic t?xperiments 
ou tile >ubjtci; but I ku:*yi that witnesses at ooi*onera' inquests* 
tMC, '^eneraiiy take the uva tif the anu\iitis nmltiplie<L by -he 
velocity :Uid ■lensity iv* 'lie i»rol*able deiivery. The 'Experiments 
just descriki^d tend to jiiite -i •UttVivnt conclusion : iuid I thi:;iv -vo 
now 4iLLgla to iCJiow !L«.i\v rji-:- iliirorent lifts cd* -.»niiuary aai'ety '«"alrcs 
eil'ee I li le -.i^ i i V e ry ♦.■ i steam r h ii.- u;i^ 1 1 them. 

The a|'piUiiiu:> -L«.wii '.ly li*^. i liam ;i trumpet-uioutLeil •.Uschonre- 
iiiW, 'lie !uun.w -iid '-r thiMfii vf wliicii i^ of «^xau:tlv ihe £»me form 
'.Uid ^ize ;ve» liie :sini].'ie riozzic', li'^. 1 ; :ui.d wtien supplied, from the 
;?iuue head •■i water it will .leiiver more liian double the .luaiitity 
of >\aier in a ;4;iveu time of that ii&uin<^ from the simple nozzle ; 
therefore the vtLocity «.»f the .;«:c at the throat must Ije ;ildo more 
thou double, iis the ■ii'ea* '.'f -toLii are exactly e«\uaL It may be 
aaktdy why sucli in increii«>e iu 'j'lanoitiy; in ::nswer, I -an 'nly 
siiy thiil I account for it thtuu^ii some iiuknowu or not yet sath^ 
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factorily explained action of the enlarging jet. This action we can 
see going on within the tube, and can prevent it by greasing the 
internal surface when water is the fluid passing through it ; but 
within such a tube there lies a secret, which may be explained 
hereafter. I had newly finished a gun-metal tube which I con- 
sidered of a better form than any I had previously tried, and 
having polished the inside of it first with fine emery and oil, and then 
with crocus and oil, it was therefore, although smooth, very greasy, 
and on experimenting with it I became bewildered at the inferior 
and unsteady results ; but on substituting an old tube not greasy, 
immediately the delivery increased and the results became steady 
as usual, thus proving the fiaiult to lie in the greasy tube. 

I have said that with about 9 feet head more than double the 
quantity of water would be delivered ; but, on lowering the head, 
thereby reducing the water pressure, a still greater quantity will 
issue, even as much as three to four times that delivered through 
fig. 1, with the same head. Near the throat of the discharge tube 
there is a constant vacuum, so that the jet of water rushing through 
the throat attains the velocity due to the head plus the vacuum; 
whereas with the simple nozzle, fig. 1, the greatest velocity through 
it can only be that due to the head alone minus the friction. 
When this apparatus is suspended by the India-rubber tube, fig. 
10, although the delivery is so great compared with fig. 1, its 
reaction is almost nil, and the discharge jet falls as it were dead on 
leaving the discharge tube; whereas with the simple nozzle the 
jet may spout out many yards horizontally in an unbroken, nearly 
solid stream ; here therefore is an action we can so arrange that the 
jet force may be wholly absorbed within two or three inches of a 
smooth discharge tube. From these two experiments we may 
safely infer that the jet within the discharge tube must have per- 
formed some great work before it was finally discharged, and 
although of double the velocity at the throat, it may fall without 
force at the wide discharge end. 

Fig, 5 is an apparatus constructed so as to measure the vacuum 
at the throat of the discharge tube. The inlet water enters by the 
passage A, and passes first through a simple nozzle of the form 
and dimensions of ^g. 1 ; the nozzle and the throat of the discharge 
tube are of exactly the sai&e diameter, a truly cylindrical steel 
mandril being the gauge in all the experiments — consequently the 
discharge tube and nozzle may be said to be one tube cut through 
at the throat. The passage B is directly connected with a straight 
glass tube dipping into a dish of mercury, and so soon as water 
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flows through the apparatus the mercury rises in the glass tube, 
which can readily be noted; and with a clean discharge tube, not 
greasy, of the form shewn on the drawing, with water at about 50® 
Fahrenheit or lower, having a head of about 2J lbs. pressure per 
square inch, a vacuum nearly equal to that due to the barometrical 
pressure at the time may be obtained. I may here add that highly 
heated water issuing from a steam boiler through this apparatus 
produces a partial vacuum in the passage B, and the mercuiy has 
risen in some experiments 8 inches. The apparatus represented by 
flg. 6 consists of a conoidal nozzle, somewhat similar to that just 
described, but its area of opening may be regulated by a central 
adjustable spindle, so far similar to a " Gifiard Injector." 

This nozzle is concentric with another nozzle immediately in front 
of it, somewhat of the form shewn by fig. 5. It has a throat, and 
widens gradually towards the discharge end. Steam is the impell- 
ing fluid in this experiment, and enters by the passage A, thence 
through the first nozzle. The passage B, instead of communicating 
witli the mercury, as in the previous experiments, leads to cold 
water, a foot or thereby below the level of the apparatus — the dis- 
tance may vary to ten feet below the apparatus, as no great nicety 
is required up to that distance. The steam rushing through the 
central nozzle induces and carries the air with it, thus causing the 
water to rise and enter the apparatus surrounding the steam jet in 
an annular form which, on meeting the steam, is impelled forward 
with it exactly as in " Injectors" for feeding steam boilers, only the 
combining or discharge tube in this apparatus is of the form shewn 
on the drawing, C is the discharge or overflow passage. In the very 
centre of this discharge tube I introduced a very fine receiving 
nozzle and tube, D, which are adjustable. This receiving tube, D, 
has a prolonged tube, extending from the other end of the apparatus, 
with a coupling, so that either a pressure gauge or a vacuum gauge 
may be used, as the experiments require. To ascertain what takes 
place in the very centre of the combined steam and water jet, this 
fine receiving nozzle D, could be adjusted and brought so near to 
the steam nozzle that steam alone acted in it ; then, by gradually 
taking it farther from the steam jet, so as to receive the mixed water 
and steam, or the condensed steam alone, the pressure was registered 
by the pressure gauge in connection with it ; and I found that just 
immediately in front of the steam jet, where the water and steam 
may be said to coalesce, that a steam pressure of 5 lbs. per square 
inch above the atmosphere produced 40 lbs. per square inch in the 
xeoeiving tube, and with 40 lbs. steam pressure upwards of 300 lbs. 
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per square inch was indicated by the gauge in connection with the 
central receiving tube, how much more I did not have the means to 
determine, as mj gauge was at its highest limit ; but on moving the 
central receiving nozzle less than one-sixteenth of an inch nearer to 
the steam nozzle, the pressure fell to nothing, and by substituting a 
vacuum gauge for the pressure gauge, I found a vacuum of about 
8 lbs. per square inch, just in front of the issuing steam jet of 40 lbs. 
pressure per square inch above the atmosphere. Here then, in the 
very centre of this apparatus, a pressure of upwards of 300 lbs. per 
square inch is registered when the receiving tube is in a position not 
onensixteenth of an inch from the position where all pressure had 
ceased, at least had become reduced to 8 lbs. per square inch below 
the pressure of the atmosphere. 

The apparatus represented by fig. 7 consists of a conoidal nozzle 
and regulating spindle, so far exactly the same as the apparatus just 
described ; but the discharge tube, instead of widening towards its 
delivery end, in this experiment the tube contracts to a less dia- 
meter than either of the nozzles. That part containing the receiving 
nozzle and pressure gauge is shewn unscrewed and slightly removed 
from its position, as it is only required in place when registering the 
pressure. Steam is admitted by the passage A, and water of tlio 
same temperature and pressure is admitted by the passage B. The 
steam pipe communicates with the steam space, and the water pipe 
with the water space of the same boiler. When in operation 
globules of water are propelled with great force and regularity 
without condensing the steam, which escapes at the overflow passage 
after ejecting the now elongated globules of water. These elongated 
globules become so equally divided, that the' ear cannot detect a 
difference neither as to time nor quantity discharged at each beat. 
Now the ear is a very sensitive indicator, which can detect a 
difference in the beats of a locomotive whose valves have been most 
carefully set; but with this apparatus, under a nearly constant boiler 
pressure, it was impossible to detect a diffei'ence in the beats. It 
appears to me, that whilst the steam is propelling the contracting 
globxde of water through the tapered tube, and until it is finally 
discharged from it, the water from the boiler does not enter the 
apparatus. Again, when a column of mercury takes the place of 
the water it becomes divided into globules exactly the same as with 
the water; but on entering the receiving tube a much higher pres- 
sure is registered. But to propel liquids in equal elongated globules 
the discharge tube must contract towards the outlet, so as to 
gradually reduce its diameter, thereby forming a liquid piston. 
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which prevents the steam from passing between it and the inner 
surface of the tube. With a parallel discharge tube, like a gun 
liarrel, the steam and water rush out together very irregularly; but 
when shot is used instead of the water or mercury, although the 
liead pressure of the shot is greatly inferior to the pressure of the 
steam, each shot is blown through a parallel tube separately, and as 
regularly as the liquid globules. In converting the apparatus into 
a model steam gun, fig. 11, the shot enters and passes through the 
central conoidal nozzle, the diameter of each shot ball nearly filling 
it. The central spindle is of course removed, and the steam is 
admitted through the annulus surrounding the nozzle. With this 
apparatus, fig. 11, the shotbalb may be directed to any point within 
range, and may be guided to that point as exactly as a stream of 
water from a fire-engine nozzle. With a very high pressure of 
steam, a largo but similar apparatus might be found to be a very 
destructive weapon. 



Discussion on Mr. Morton's Paper. 

I'rofessor Jas. Thomson expressed his surprise at several of the 
results given in the paper, referring more particularly to those 
obtained in the attempts to measure the vacuum at the throat of 
the discharging nozzle, and seemed to think that confirmatory 
experiments were requisite. He also differed from the author in 
reference to the action of the enlarging jet (fig. 4), the theory of 
which, ho thought, was perfectly well understood. Then digressing 
to an allied subject, he shewed several diagrams in illustration of 
various forms of jet-pump, of which he claimed to be the inventor, 
and which had been described in the Report of the British Associa- 
tion Meeting at Belfast many years ago. 

Mr. B. D. Napier differed from Professor Thomson, and said 
'tliat ho did not find any difficulty in believing that the primary 
action of a head of C feet or less of water could produce a vacuum 
of 30 inches of mercury; for though that result was by far the best 
ho had over heard of, and was probably within a little of the best 
result practically obtainable, yet, in a theoretical point of view, it 
was by no means a remarkable result, for there was no theoretical 
limit to the smallncss of the head by which a perfect vacuum might 
bo produced in the throat of a discharging nozzle. 
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Mr. Deas sUted, in reply to Mr. Mayer, that tlio system of jet- 
pumps at work in sinking the tri-une groups of concrete cylinders 
for carrying the quay walls of Stobcross Docks, was the invention of 
Mr. James Robertson, Glasgow. 

It excavated the saod from the Ixittom of the cylinders by means 
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of a carrent of irater forced down a pipe into a jet box wedge- 
shaped, so as to press into the sand, thence throagh an orifice on 
the top of the box, having a sectional area of about a fourth of the 
down pipe. The force with which the water issues from the orifice 
carries it into an upthrow pipe, the end of which is removed some 
Vol. IX.— No. 3. q 
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which prevents the steam from passing between it and the inner 
surface of the tube. With a parallel discharge tube, like a gun 
barrel, the steam and water rush out together very irregularly ; but 
when shot is used instead of the water or mercury, although the 
head pressure of the shot is greatly inferior to the pressure of the 
steam, each shot is blown through a parallel tube separately, and as 
regularly as the liquid globules. In converting the apparatus into 
a model steam gun, fig. 1 1 , the shot enters and passes through the 
central conoidal nozzle, the diameter of each shot ball nearly filling 
it The central spindle is of course removed, and the steam is 
admitted through the annulus surrounding the nozzle. With this 
apparatus, fig. 11, the shot balls maybe directed to any point within 
range, and may be guided to that point as exactly as a stream of 
water from a fire-engine nozzle. With a very high pressure of 
steam, a large but similar apparatus might be found to be a very 
destructive weapon. 



Discussion on Mr. Morton's Paper. 

Professor Jas. Thomson expressed his surprise at several of the 
results given in the paper, referring more particularly to those 
obtained in the attempts to measure the vacuum at the throat of 
the discharging nozzle, and seemed to think that confirmatory 
experiments were requisite. He also difiered from the author in 
reference to the action of the enlarging jet (fig. 4), the theory of 
which, he thought, was perfectly well understood. Then digressing 
to an allied subject, he shewed several diagrams in illustration of 
various forms of jet-pump, of which he claimed to be the inventor, 
and which had been described in the Report of the British Associa- 
tion Meeting at Belfast many yeai*s ago. 

Mr. R. D. Napier differed from Professor Thomson, and said 
'that he did not find any difficulty in believing that the primary 
action of a head of 6 feet or less of water could produce a vacuum 
of 30 inches of Inercury ; for though that result was by far the best 
he had ever heard of, and was probably within a little of the best 
result practically obtainable, yet, in a theoretical point of view, it 
was by no means a remarkable result, for there was no theoretical 
limit to the smallness of the head by which a perfect vacuum might 
be produced in the throat of a discharging nozzle. 
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Mr. Dea8 stated, in reply to Mr. M&yer, tliat the ayBtem of jet- 
pumps at work in sinking tlic tri-uoe groups of coocreto cylinders 
for carrying the quay walls of Stobcross Docks, wns tku invention of 
Mr. James Robertson, Glasgow. 

It excavated the sand from the bottom of tho cylinders by means 
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of a current of water forced down a pipe into a jet box wedge- 
shaped, so as to press into the sand, thence through an orifice on 
the top of the box, having a sectional area of about a fourth of the 
down pipe. The force with which the water issues from the orifice 
carries it into an upthrow pipe, the end of which is removed some 
Vol. IX.— No. 2. o 
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distance from the orifice, and with it the sand in vhicli tlic jet box 
is ein1>eddc-d. 

Tlie two \}\\«:A are fixed vOTticaDy on a timber frame, the jet box 
forming iia loweet extremitv, a sjiace being 
left open above the same for tlio adintBKion 
iif the sand ; tLe other extremitj of the frame 
reaehcB to the t-o]) of the crlinders. 

This mode of sinking has boen very suo- 
oesaful, although still, to a certain extent, 
I'xperimenta] ; groups of three 9-feet cylin- 
ders, reqniiing the removal, for eflch group, 
uf 194 superficial feet of area, having been 
annk by it at the rate of 3j feet per hour, 
involving the removal of at least 24 cubic 
yards of sand to accomplish this. 

The accompanying sketch shews the action 
of the jet very clearly. 

The open space, by which the sand is ad- 
mitted to mix with the water, is adjustable 
at pleasore, by the moving upwards or down- 
wards of the upthrow pipe to salt the warv- 
ing character of the sand to be excavated. 

Mr. Jas. K. IfAFiEB said that what ar- 
rested his attention was the drcnmstanco 
that Mr. Morton, having tried to reduce tho 
friction in both the inlet and outlet of the 
tube, by making them of a suitable form and 
very smooth, found that the smoothness was 
benefitnal on the inlet side, but that the acci- 
dental greasiness of the outlet had greatlr 
reduced its efficiency. If he understood the 
paper aright, the discharge was then no more 
than with tiie simple jet without the widen- 
ing discharge tube. He had seen the con- 
oidal nozzle and widening dischai^ tube 
very usefully applied in the city of New York. The town lota were, 
he believed, rated for water according to their area, and the proprie- 
tors thereby became entitled to a certain area of pipe from the main. 
The citizens, in order, apparently, to make the most of this right, havo 
manufactured conoidal nozzles with widening discharge tubes beauti- 
fully polished internally. The small end (inserted in the main) 
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has the legal area, while from the other a pipe of throe or four 
times the diameter may lead to the premises. 

With regard to Mr. Morton's allusions to safety valves, he said 
that, seeing that a learned society in Glasgow had recently issued a 
report on the subject, and that he had taken leave, in a letter to the 
North British Daily Mail of 30th November last, to criticise it very 
unfavourably, lie had little new to say, except to state more plainly 
and in confirmation of Mr. Morton's views, that the effect of thin 
annular nozzles (which safety valves might be considered to be) on 
the amount of steam discharged has been entirely ignored in the 
report, and that such experiments of Mr. E. D. Napier, and others 
as are available, shew conclusively that the ratio of the area of the 
tube to its surface greatly affects the amount discharged by a 
given area, 

Mr. Morton then replied. He said that probably Professor 
Thomson was not aware that the experiments he had refeiTcd to 
were .witnessed and verified by many. Although his daily vocation 
has consisted for many years in making and erecting such appa- 
ratus, he was still quite at a loss how to account for the action 
of the exjianding jet within the discharge tube. That such an 
action takes place is evident, but the cause remains to him as 
great a mystery as ever, and well worthy of further investigation. 
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XV. — On an Apparatus for Tenting the Luhricating Powers of 
varums Liquids, sJiewing some hitherto unrecognised /acts at 
variance with tJie comvwrdy received laws of Friction. By R. D. 
Napier, Esq. 



[Read before the Society, 16th December, 1874.] 



When we take into account the immense number of experiments 
that have been made, and especially the elaborate series conducted 
by Monsieur Morin at Metz, to ascertain the laws which govern 
friction under nearly every conceivable circumstance, and when we 
consider the amount of infoi*mation derived from those experiments, 
it might well be expected that any one undertaking to read a papei- 
on the subject would be in a position to give definite rules for the 
ratio of friction to pressure — at least, for all cases within the range 
of ordinary experience; but I am sorry to say that, in place of 
being prepared to state what the laws are, the object of this paper 
is rather to shew that there are such large exceptions to the gene- 
rally received law of the uniformity of friction at different velocities, 
that it becomes questionable whether it is quite entitled to the 
name of a law at all. 

The law referred to is stated to be, that friction is independent of 
velocity, excepting only that there is what is called the friction 
of rest, which is always greater than the friction of motion — ^that is 
to say, it takes more force to cause one surface to commence to 
slide on another than to keep it moving ; but it takes neither more 
nor less force to keep it sliding fast than slow. In reply to this I 
have to observe that the coeflficient of friction (that is, the ratio of 
friction to pressure) fi'cquently increases materially with the velo- 
city, and, on the other hand, oflen decreases materially as the rate 
of sliding increases ; also, that sometimes the coefficient of rest is 
not distinguishable from that of motion. 

In a note at the foot of page 14 of Bankine on the Steam Engine^ 
a formula is given, deduced by Monsieur Bochet of Paris, for the 

friction of iron skids sliding on rails, which in English feet makes 

/ 

the coeffioie^t of friction Di^^ly equal to . a. , where/ is a 
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constant ranging between *2 and *3, but it is not said under what 
circumstances it is the one or the other. By this rule the friction 
at the velocity of 100 feet per second would be about half of that 
at 1 foot per second, which may be said to be not a very remarkable 
variation, but nevertheless it is sufficient to shew that at all events 
in some cases there is a variation due to the difference of velocity; 
and I think I shall be able to prove that the exceptions to the rule 
of non-vai*iation of friction with velocity are very numerous. 

By means of the machine referred to in the title of this paper, 
which is constructed for testing the lubricating qualities of different 
oils, I shall presently be able to sliew an example of each of the 
two opposite effects — that is, of friction, in the first place, increasing 
materially witli the velocity, and vice versd; and in the second place, 
of friction decreasing materially as the velocity is increased, and 
vice versd; but according to no law that I have been able to discover, 
unless we can dignify with the name of a law the fact (if it should 
prove to be universal, which, as far as my experience goes, may be 
the case) that with mineral oils the coefiiclent of friction is less at 
higher than at lower velocities, and that with animal and vegetable 
oils the reverse is the case ; it is by using one or Qther of these classes 
of oils that I ho}>e presently to give experimental evidence of the 
truth of my assertions; but meantime I sliall proceed with my 
remarks. 

For many years I have had, in the way of business, to devote a 
considerable amount of attention to the construction and use of 
machinery, which has had to be either driven or controlled by 
friction; and I have frequently observed results which could only be 
accounted for on the supposition that in some cases friction varied 
directly, and others inversely, with the velocity — always under- 
standing the word velocity to mean the rekUive velocity of the two 
surfaces, or the rate of sliding, and by friction the ratio of friction 
to pressure, and not the measure of friction expressed in terms of 
the work absorbed by it, which, of course, increases directly as the 
speed when the load and coefficient are constant. In other cases 
it has been evident that the friction was greatest at a certain 
velocity, and decreased with either greater or lesjj velocities. 

The following is an example of the firet case at slow velocities : — 

A weight of about 10 tons being suspended from a pair of blocks, 
from which the chain led to a barrel 14 inches diameter, with a 
brake wheel 42 inches diameter attached. There were five parts of 
chain in the blocks, so the strain on the chain was about 2 tons. 
The brake was of the differential kind, proportioned so as to be 
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fielf-holding, with a given coefficient of friction, and the state of 
lubrication at the time I refer to was such that it required a weight 
on the 1>rake handle to prevent the load from descending. Now, if 
the coefficient of friction were not affected by velocity, any weight 
on the lever that is sufficient to reduce any acquired velocity of 
descent must ultimately stop it, and the less the friction the more 
pressure it must rer^uire on the brake lever to counteract the weight 
of the load. 

Well, in the case referred to (and it was one of the greatest 
difficulties I exi>erienced in satisfactorily using difiercntial friction 
brakes, and therefore was not at all an uncommon case), the weight 
on the brake lever was sufficient to rapidly reduce the velocity of 
slipping from 60 or 70 feet per second to that of a few feet per 
minute (accomplished in a small fraction of a second), and yet it 
would go on slipping for an indeiinite time at the slower velocity. 
I then add more and more weight to the brake lever, and reduce 
this constant velocity more and more till the movement of the 
friction wheel is quite imperceptible to the eye ; but by drawing a 
line across the friction band and the rim of the brake wheel, it is 
found, after the lapse of a few seconds, that the line is not continuous, 
and in the course of a minute or so that quarter of an inch has been 
moved; and this rate would remain nearly constant for ten or 
twelve houra. The process could then be reversed by taking off 
weights, and thus increasing the velocity of slipping up to perhaps 
30 or 40 feet per minute, when a sudden decrease would take place 
in the friction. 

In other states of lubrication — and this was usually when a little 
water had got on the rubbing surfaces — the bmkesman would have 
porfcKJt control over the lowering of the suspended weight, so long 
lus ho did not allow it to acquire a certain maximum rate ; but if this 
rate woix) exceeded, then the brake seemed to lose all power, so that 
the weight would run to the bottom, with apparently no resistance 
from the brake, though ]>ressed into gear with the attendant's full 
strength ; yet at the smaller velocities the brake would be nearly 
self-holding. The cause of the brake losing its power in these cases 
could be nothing else than the coefficient of friction rapidly de- 
creasing with the increase of velocity. 

I have now to speak of a case in which the friction varies rapidly 
with the velocity, and shall describe an exi>eriment which it is in tho 
power of many people to try for themselves. It is the friction of a 
bolt slipping on a metal pulley that I refer to, or rather the converse 
of this, which is much more easily tried— that is to say, the friction 
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between the belt and the pulley, when the pulley is made to revolve 
while the belt is stationary. 

Diagram 1 will explain my arrangement for trying this experi- 
ment ; and simple though it seems, there is one element in it that 
makes it difficult to give accurate results, especially at high speeds : 
this is the great variation in friction caused, as far as I have been 




fig. 1. 

able to discover, by slight variations, in temperature, the friction 
inci'easing rapidly with the duration of the experiment, and appa- 
rently arising from the heat caused by the friction, as there was no 
other cause that was discoverable ; but whatever the cause, the effect 
was to make it very difficult to get correct results j and were it not 
for the extreme difference between the large amount of friction at 
high speeds as compared with that at low speeds, I should not have 
introduced the case here. 
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A belt about 5 feet long, 71 inches wide, and about J inch thick, 
single ply, and to each end of which was attached a hook, was 
placed over an ordinary smooth and turned cast-iron pulley 18 inches 
diameter. To the one hook was attached a chain, and to the lower 
end of the chain a spring-balance capable of weighing 200 lbs. ; and 
to the other hook a piece of twine was attached for suspending 
definite weights from. The weight of the belt and pair of hooks 
was 6J lbs., giving about 3 lbs. for the weight of each hook, plus 
the part of the belt below the axle. 

The weight of the chain to which the spring-balance was attached 
was 17 lbs., and of the spring-balance itself 11 lbs., so that the 
total strain on the spring-balance end of the strap was 3 lbs. + 
17 lbs. -♦- 11 lbs. - 31 lbs. plus the strain indicated by the spring- 
balance, and on the other end 3 lbs. plus the weight suspended 
from the hook. If we call this latter strain Si and the former S;, 
then if the pulley be made to revolve from the spring-balance or 
S] end to the other, and if we ascertain the ratio of the strain S, to 
the strain Si, we shall obtain the coefficient of friction by the follow- 
ing rule, applicable to the case of a flexible strap half round a 

pulley : — C = '733 log. q*, where C is the coefficient of friction or 

ratio of friction to pressure. 

In a long article on " Friction" in Spon's Dictionary of Engineer' 
ingy in which are given the results of a great many of Morin's 
experiments, there is given at page 1,574 a table of his experiments 
on the friction between leather and cast iron. This table is pre- 
ceded by the remark, that " though leather is a soft and very 
compressible substance, its friction is proportional to the pressure 
and independent of velocity throughout the whole range of the 
experiments in the next table;" and in that table the friction of 
leather on cast iron without any unguent, is given as ranging 
between '58 and '55 of the pressure, the average being given at 
•5C3, which is very much higher than the coefficient given for any 
other condition of lubrication. By the rule given above, which 

transposed makes 1 '365 C = log. q*, we get with the above coefficient 

S, = 5-87 times S J. 

On one occasion with Si ^ 12 lbs., and the pulley making about 

110 revolutions per minute, or about 8^ feet per second, when the 

g 
pulley and belt got very slightly warm, S* became 230 lbs., and Q*,in 

place of being about 5*9, was about 19, which corresponds with the 
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coefficient of friction being equal to '93. Tlion for the purpose of 
getting the coefficient at a slow speed, I stopped the engine, and 
found that 18 lbs. on the one end pulled back slowly the 12 lbs. on 

the other, making ^= 1*5, representing a coefficient of only '13, or 

one-seventh of that at the greater velocity. 

In order to try what the coefficient would rise to, I attached 
another hundredweight to the Sj end in such a manner that it 
would require to lift this extra load before acting on the spring- 
balance; and by the time the pulley had got so warm that it was 
unpleasant, and, in fact, barely possible to hold the hand on — pro- 
bably 170° or 180° Fahr. — with nothing but the hook, weighing 
3 lbs., to represent Si, the strain on the other end mounted up to 
over 300 lbs., or over one hundred times S| ; which represents a 
coefficient of nearly one and a half times the pressure. On stopping 
the engine at this time, I found that 12 lbs. pulled the belt slowly 
over the pulley, with the strain on the other end just the weight of 

the hook, or ^ = 4, which represents a coefficient of -51, being about 

one-third of that at the fast speed, so that the relative difference was 
only about half as much in this case as the other. 

I have been told that these are experiments on adhesion, and not 
on friction; but where does adhesion begin and friction endl If 
the friction were very great at slow velocities I could see some force 
in the remark. 

The belt wjis new and clean, excepting that the friction drew a 
small quantity of fatty matter from it, and gave it the oily black 
appearance of a belt that has been used some time; but when the 
friction was greatest there was no appearance about the belt or 
pulley to indicate that the friction would be more than usual. 

I now come to the last and, in a practical point of view, the most 
important part of my subject, which relates to the effect of different 
lubricants where metals are rubbing on metals. 

About eighteen months ago it was of great importance to me to 
get some information, which I couH not get from any books I knew 
about, as to the friction of various metals when several different 
kinds of lubricants were used— more particularly, I wished to know 
the relative coefficients of friction when paraffin or kerosene oil, 
mineral lubricating oil, and water were used respectively. 

The plan that occurred to me of experimenting on the subject 
will be understood by reference to diagram 2. A pulley A being 



194 Phihsophieal Society of Glasgow. 

fixed on it mandril is put into a lathe, as if t4> be turned, and is 
driven at any desired speed; on the upper aide of this pulley 
ia placed a half bush B, vhich is fixed in a frame or bar C. At 
equal dititances from the centre of the pulley are suspended equal 
weights from this frame. At one end of C and above it is placed a 
spring-balance, Wlicn the pulley is made to revolve, the balf bush 
and frame liave a tendency to revolve with it by an amount pro* 
portional to the total friction, and this tendency is resisted and 




Fijj. 2. 



measured by the spring-balance. If W represent the weight of the 
two suspended weights plus that of the half bush and frame, and 
p represents the pressure on the spring- balance, then the total 
weight pressing on the friction pulley ia W~p, and the absolute 
friction is p multiplied by tlie distance from the centre of the 
friotion wheel to the point where the spring-balance is attached, 
and divided by the radius of the wheel If B| equal the radius of 
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the Mction wlieel and Rj equal the distance from the centre of 
the friction wheel to the point where the spring-balance is attached, 

then the coefficient of friction C = ^J- - x — . 

W -p K, 

By this arrangement it will be seen that the coefficient of friction 
can be ascertained at any instant. 

In order to know more definitely the intensity of pressure on the 
rubbing surfaces, I preferred to reduce them to a small portion 
of the upper part of the bush, leaving at the same time a small 
part at each end of the bush, where it is nearly level with the centre 
of the wheel, to act as guides. 

My experiments were made with two sizes of friction wheels: 
No. 1 size was 2J inches diameter and 2 inches wide, with 2 square 
inches of bearing surface ; that is, two strips, each J inch wide, and 
the length equal to the breadth of the wheel, the open part between 
the two strips giving an efficient means of lubricating the whole 
surface equally. No. 2 size was 7 J inches diameter and 1^ inch 
wide, the total bearing surface being reduced to 5 square inches. 

Generally the weights suspended from- the ends of the frame bar 
were 55 J lbs. each, but sometimes I used more, and, as already 
explained, the coefficient of friction was ascei*tained by deducting 
the pressure indicated by the spring-balance from the sum of the 
downward pressures, dividing the former by the latter, and 

multiplying by j^. 

The wheels and bushes were made of various metals, and the 
velocities were regulated by the various speeds of the lathe. 

The arrangement seemed so simple that I quite expected to get 
all the information I required in the course of a few days* experi- 
menting ; but besides the fact that every pair of metals seemed to 
have its own laws as to the effect of velocity on friction, or rather 
seemed to have a law of its own for every different lubricant, there 
were so many differences under apparently similar circumstances 
that, till a better investigation is made and something like law 
arrived at, I would feel inclined to substitute the word vagaries for 
the word laws, when speaking of what governs friction, though, as 
already intimated, there is one law to which I have not yet found 
an exception — viz., that with mineral oils the friction is less, and 
sometimes very much less at high velocities, than at low velocities ; 
but sometimes the variation was mostly at low velocities, and some- 
times comparatively little at low velocities. 

The following are a few of the more rognlar results — the average 
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intensitj of pressure being aboat 60 lbs. per square inch with Ka 1 
size of wheel : — 

Brass wheel and brass bosh labricaied with a stream of fresh 

water. 

Revolatioiis per min. 250, velocity per min. 160 feet, C= '106 

»» ff 36, „ „ 24 „ C="121 

Jnct slipping, C== *129 

The same with a constant supply of mineral Inbricating oil. 

Bevolations per min. 250, velocity per min. 160 feet, C= "051 

»» t» 36, „ ,, *.4 „ C='l™ 

„ „ 18, „ ,, 12 „ C='183 

Jott slipping, C='265 

Note. — Just slipping does not refer to the coefficient of rest, but 
to moving the wheel slowly by hand. 

Wrought-iron wheel and gun-metal bush, lubricant mineral 
lubricating oil. 

Revolutions per min. 250, velocity per min. 160 feet, €= *10 
$$ t» 36, ,, „ 24 „ C=*124 
Just slipping, C='141 

The same lubricated with paraffin oil. 

Revolutions per min. 250, velocity per min. 160 feet, C= *12 
,, „ 36, „ ,, 24 „ C=*132 
Jast slipping;, Cs'Hl 

The same lubricated with a stream of fresh water. 

From 250 revolutions dovm to just slipping, the coefficient was '132 
and the friction of rest was just perceptibly higher, giring about '135. 

The same sized wheel of cast iron with gun-metal bush, lubricant 

a stream of fresh water. 

From 250 revolutions down to 36 gave C = '367 

The addition of strong solution of salt reduced C from '367 to -210 

The same lubricated with paraffin oil. 

Revolutions per min. 250, velocity per min. 160 feet, C= '117 

36, „ „ 24 „ C = '143 

18, „ „ 12 „ C=143 

Just slipping and friction of rest not perceptibly different from 
3G revolutions. 

The same lubricated with mineral lubricating oil. 

Revolutions per min. 250, velocity per min. 160 feet, C = "078 

36, „ „ 24 „ C=117 

It ti 18, ,, ,, 12 „ Ca*128 

Just shining, Ca*143 



»» »f 

ft It 
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The next two experiments were made with wheels of No. 2 size, 
average pressure about 25 fts. per square inch. Wheel of brass 
composed of 3 ounces tin to the pound of copper, and the bush of 
brass composed of 13 ounces zinc to the pound of copper — lubricant 
a stream of fresh water. 

Revolutions per min. 350, velocity per mio. 700 feet, €■■'094 

50, „ ., 100 „ C-143 

The friction was more with a large stream of water than with a 
smalL 

With regard to the friction when water is used as a lubricant, I 
have to observe that it is exceedingly difficult if the slightest particle 
of oil has touched the wheel to entirely get rid of it. I have tried 
numerous acids and alkalies as well as naphtha, but could not depend 
on getting rid of the oil in less than ten or twelve hours of constant 
work, with a stream of water on all the time. This is in some cases 
an important fact to know ; for instance, on one occasion, with a small 
new paddle-wheel steamer I had not applied any oil to the gunwale 
bearing, till some weeks after she had been ininning, because I had 
found, as I supposed, by experience, that for paddle-wheel bearings, 
water was as good a lubricant as could be ; but I had ignored the 
little oil put on once a day, which I thought was all washed off in 
an hour or less. However, in the case I am now referring to, 
although the journal was as polished as a mirror, I tried the experi- 
ment of putting some oil on it, and was more than surprised to find 
the engine increase at once from GO to 65 revolutions ', and though 
the journal was very little above the water, and was constantly 
deluged with water from the paddle, the effect of the oil did not 
wear off so as perceptibly to iaffect the speed of the engine in twenty- 
four hours afterwards, and I do not know how much longer it would 
have inin before requiring oil again, for I gave orders for the journal 
to be oiled every twenty-four hours afterwards. 

Before concluding I shall shew what a very small coefficient of 
friction may sometimes be obtained from the use of water and oil 
together. 

The next experiment was with a brass pulley and cast-iron half 
bush, the lubricant being paraffin oil, put on occasionally, when it 
was found that the friction was considerably less a few minutes 
after being lubricated than immediately after — by the way another 
rather unlooked for result — ^the pressure per square inch about 
58 lbs. 



Philmphiad 3i.riebi f Gim-tmr. 
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I hav! now Xf> rpfi'r Vi one -it two esp'riinciic.i hv the small 
mnehinft on the uhip. 

It in coiutmrted for -wcprtaimm ihe coefficient of fiTcrion, in rhi" 
aanin maaner an tbfts to which liiagram - refers ; but is ia w> ^uijiKteii 
a.» to ^ve the coefficieiit it ^i;^fat wirhonc L-alirnlatiita. 




rii;. 3; 



DiagniiR 3 ahew-i ihc arratigf^roent on aq enluged BcUe, and I 
may obHerre, hj way of forestalling criticimn on the deaign, that it 
was not 'Inrigned at all, bnt grew by a process of natural selection 
AS mMlifications wf:i'c found necessary. 

The flmal] cod piece A is pressed ^ainiit the friction pulley B by 
a Megment C, which is in &Gt part of a roller turning on a centra D, 
monntod on the liell-cnuik KE, which is loaded b; a weight F. 

A small chain from a spring-balance G, supports the cod-pieco A, 
which, when the friction wheel ia in motion, tends to move along 
with it. Tlio amount of such tendency is indicated by the spring- 
Imlancc, which is so proportioned lo the weight F, that each division 
of the balance represents a ooefficiest of friction -01 of the presstue. 
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Allowance is of couKse inado for the chain not being at the sur- 
face of the wheel, but a little way outside of it. As aiTanged, the 
intensity of pressure is 50 lbs. per square inch, and if more is 
wanted, it is just to double, treble, &c., the load, and divide the 
indicated coefficient by two, three, &c. 

A belt pulley is attached to the axle of the friction pulley, so that 
it can be driven by a belt from a lathe at any desired speed. 

With olive oil as a lubricant one experiment gave as follows — 

Revolutions per min. 1300, velocity per rain. 650 ft. C=l 
„ „ 600, „ „ 300 ft. C= -06 

480, „ „ 240 ft. C= -045 

360, „ „ 180 ft. C= -035 

With paraffin oil the following was obtained — 

Revolationa per mio. 1300, velocity per min. 650 ft. C a 06 

„ „ 360, „ „ 180 ft. C = -09 

Quite slow, C=*12 



With thin mineral lubricating oU— 

Revolutions per min. 1300, velocity per min. 650 ft. C= 05 
„ „ 360, „ „ 180 ft. C= 07 
Quite dow, C=-105 

At 1300 revolutions a small stream of water running on after 
olive oil had been used, gave the very low coefficient of '012, and 
while the stream of water continued, the addition of olive oil 
increased the coefficient to '08, or over six times as much as without 
it. I had often found in practice the evidence of the &ct that a 
great reduction of friction was caused by a small quantity of water 
being allowed to run on the top of oil. For instance, in the case of 
a very short crank pin, I have found that when water was allowed 
to drop on it, a little oil once in four hours would practically pre- 
vent wear; but when the water was stopped, and a large stream of 
oil was poured on, the brass would begin to grind away perceptibly 
in a very few minutes, and no amount of oil would prevent it. 

Again, I have found brakes which would give complete control 
for lowering weights when the surfaces were simply oily, but 
which were perfectly useless when water got on them as well. 

One remark in conclusion. If it is found, as my experiments 
indicate, that with all, or nearly all, mineral oils friction is less at 
high than at low velocities, and that with vegetable and animal oils 
the reverse is the case, then I think the point I started with must 
bo conceded, that there is a very large class of cases in which it is 
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far from correct to say that friction is independent of velocity; but 
I wish it to be distinctly understood that, as I said at first, the 
main object of this paper is to shew the necessity for further experi- 
ments — to shew, in fact, how ignorant and in the dark we are on the 
subject, leather than to give light on it. I have tried to give as 
much light as to make the darkness visible. 



Discussion on Mb. R D. Napier's Paper. 

Mr. J. J. Coleman said that the author seemed to confound the 
total friction of the machine with the' coefficient 0/ friction, and 
pointed out in what relation these stood to each other. After 
describing at some length Morin's inclined-plane experiments for 
determining the coefficient of friction, he affirmed that in such 
experiments as Mr. Kapier's, the heat induced in the parts of the 
apparatus should not be ignored ; and that, further, it was necessary 
to consider the friction not only of the surfaces in contact, but also 
that of the particles of the lubricant among each other. From 
experiments of his own he had found that this friction of the par- 
ticles was greater in the case of olive oil than in the case of mineral 
oils, and his opinion was that thick or thin oil should be used 
according as the pressure between the surfaces was great or small. 

Mr. J. P. Smith drew attention to Professor Eankine's saving 
clause in stating the law of friction — viz., *'p7'omded there be no change 
of state/' and thought that in the experiments described a change of 
state had taken place, and that this was the solution of the difficulty. 

Mr. J as. R. Napier was of opinion that the author had decidedly 
proved his point. As illustrative of a portion of the paper, he men- 
tioned that in the launching of ships the ways generally received a 
coating of hard tallow, followed by a layer of black soap. The 
small angle at which many of them were launched (e, g,, 1 in 24) 
might be considered another instance of the efficiency of water and 
oil as a lubricant ; the black soap being chiefly water. He further 
stated that for heavy machinery the best lubricant he found was 
castor oil, and for a small foot turning lathe paraffin oil was of little 
use. 

Mr. J. J. Ck)LEMAN explained that the whole tenor of his argument 
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was to prove that Professor Kankine's statements remained valid, 
notwithstanding tlie experiments of Mr. Napier, who, he reaffirmed, 
had ignored the fact tliat in the working of the machine the co- 
efficient of friction was constantly changing. 

Mr. MuiR wished to draw attention to the fact that the author 
had never for a moment supposed that the coefficient remained the 
same, his whole object, indeed, having been to shew that it was 
constantly changing. He further pointed out that the particular 
experiments of Morin which had been described, had no connection 
whatever with the matter in hand, for the author had been investi- 
gating the coefficient of kinetic not of static friction. 

Mr. Jamieson confirmed from experience Mr. Jas. R. Napier's 
statement with regard to castor oil as a lubricant, provided it were 
the real not the so-called castor oil. 

Mr. Dron also bore evidence from experience on this point. 

Mr. R, D. Napier, in reply, referred particularly to the remarks 
which had been made in reference to the generation of heat in the 
working of his machine, shewing that the manner of conducting the 
experiments — viz., driving the machine at low and high rates alter- 
nately, would have detected this as a disturbing agent had it really 
existed. 



KoTK. — At the conclusion of his paper Mr Napier exhibited the working of 
his oil-tester by hand power, in which case there is no arrangement for deter- 
mining the actual velocity ; but, the wheel being lubricated with olive oil, when 
it was driven at a slow speed the indicated coefficient of friction was from "OS to 
*06 ; and when driven at a rapid rate the coefficient rose to '15, and immediately 
fell again on the speed being reduced. After the above had been frequently 
repeated, mineral oil was substituted for the olive, when, at a slow speed, the 
iodicator shewed that the coefficient of friction was about *10, which fell to about 
*05 when the speed was increased, and immediately rose again on diminishing 
the speed. 

Experiments were also made showing the smallness of friction when water is 
used after oiL 
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XVI. — On the Action between the Loch Katrine Water supplied to 
Glasgow and Varioiu Metals. By Jambs R, Napieb, F.E.S. 



[Bead before the Society , December 16, 1874] 



The success of a scheme for the economical cooking of food, which 
I described in a paper to this Society last Session, depended, besides 
on the arrangement of the parts, on the purity of the hot water 
which the boiler attached to it could produce. In a second paper 
the effects of Loch Elatrine water, as delivered in Glasgow, on the 
galvanised iron boiler I had made for it was described — ^the zinc 
dissolved off rapidly — the water, hot or cold, came out of a milky 
appearance, and could only be used for few purposes. It is with 
reference to some more &ilures and experiments in connection with 
the construction of a new boiler — the one now in use — that the fol- 
lowing communication is made ; for, in passing, the galvanised iron 
one rusted through and was useless within two months. A cheap 
boiler was of course a desideratum. The cheapest I could get, 
which would deliver the hot water pure was what I wanted. I had 
the choice of various metals and alloys, such as copper, tin, brass, 
or iron coated^ with these and other metals. 

I selected copper, but hesitated as to its being tinned. The 
coppersmith, however, settled the point for me so far, by tinning 
the sheets inside without consulting me, and had the boiler partially 
made before I became aware of what he had done. Befoi*e com- 
pleting it, however, and perhaps having the expense of another 
failure, I tested some of the tinned sheets by leaving them for 
some days in a bath of cold water, and observing the appearance 
of the water which flowed off when collected in a glass vessel. 
The result was so very unsatisfactory, that after about a month's 
similar testing of various other metals and coatings of metals, I 
had to turn the boiler tinned side out, so as to expose the -plain 
copper to the water; and such is the boiler I have now had in use for 
more than six months, giving to all appearance pure water. The 
tinned copper sheets when in the water bath became spotted, the 
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tin then blackened, and the water flowed off the sorfia^e quite of a 
milky appearance. 

I was led unwillingly to make these and more extensive experi- 
ments by observing a slight efl9orescence, as it were, on the side of 
a small piece of copper tube which had been immersed for a few 
days in water, to see if there was any action or apparent alteration 
in the water, the efflorescence being on a part of the tube which 
happened to be coated with a little tinsmith's solder. 

The results of the action of various metals immersed in Glasgow 
Loch Elatrine water are given below. They are merely those 
connected with the colowr of the water, although chemical tests 
were occasionally applied, detecting the presence of lead and tin, 
and sometimes copper. 

1. Cuttings of sheet copper, exposed for about three months 
in water — the water apparently pure — ^the copper tarnished. 

2. A partially tinned copper tube, shewing the decay of the 
tin coating and its redeposit on an exposed part of the 
copper. The water at flrst became quite milky. 

3. Shews the efflorescence, referred to above, on various parts 
of a sheet of tinned copper which has been about three and 
a-half months in the same water. 

4. Water after remaining about a week in a tinned copper 
saucepan. Quite milky. 

5. Granulated lead which, after being about six months exposed 
in water, frequently changed, had not ceased to be acted 
upon by the water, which still gets milky. 

I had for some time been aware of the &ct that tinned iron 
vessels lasted but a very short time in contact with water: it 
appeared to me that whatever the cause was, they lasted a much 
shorter time now than they used to do years ago. I ascribed the 
undurability to the electric position of the two metals, and inferred 
that the authors of modem works on electricity and magnetism, 
such as Mr. Fleeming-Jenkin, were wrong in the position they 
give to iron and tin ; for if tin were electro-positive to iron, as 
they state, it occurred to me that the iron would be preserved by 
it, just as it is so effectually by zinc. The result of experiments 
on Sir William Thomson's galvanometer, however, shewed that in 
all the specimens tried, malleable iron was not negative but positive 
to tin. Therefore, if the cause of zinc protecting iron from rusting 
was due to the electro-positive relation of the zinc, then it might 
be said that the iron protected the tin, instead of the reverse, as is 
intended, and that probably partially or badly tinned iron rusts 
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fkster into Holes than plain untinned iron would do. The numer- 
ous experiments I was kindly permitted to make at our University 
with Sir "William Thomson's reflecting galvanometer, on various 
metals in contact with Loch Katrine water, I need not describe, as 
they are probably not new. They were made partly from curiosity, 
to try to discover the relative protecting powers of different metals 
when in contact in water, on the theory that the positive metal 
would protect the negative one by itself decaying — ^the galvano- 
meter being so graduated as to give at once the relative amount of 
the deviating or protecting force. The chief object I had, however, 
was, if possible, to find a coating for iron which would be positive 
to it, and of itself have little effect on pure water. Brass, an alloy 
or compound of zinc and copper, I found, in former experiments, had 
apparently as little effect on pure water as j^ure copper had, although 
zinc of itself dissolves so readily in it. 

I thought it probable that a similar result might happen with an 
alloy of zinc ' and tin, and tried Sn 6 Zn, said to have the lowest 
temperature of fusion. Whether on this account it be a true alloy, 
or merely a mixture, the result was satisfactory. It is positive to 
iron, and it may be slightly soluble in pure water, although I could 
not perceive it in the colour of the water — it might therefore find 
some uses. I had two iron cooking pots coated, as in the galvanis- 
ing process, with the tin and zinc alloy. They have been tested by 
twenty.four hours' immersion in water, and shew some slight rust 
spots ; but seeing that galvanisers find it more economical to waste 
their zinc, by keeping it so hot that it evaporates visibly, rather 
than that their goods should have a thicker coating of zinc, put on 
at a lower temperature without the visible evaporation, I have 
concluded that the coating on the pots is not the alloy tested at 
the electrometer, but is a mixture containing less zinc. Mr. Lewis 
D. B. Gordon informs me that such a coating for iron is not un- 
known in Germany, and that it is described in one of Dr. Karl 
Karmarsch's technological works. In this country, I learn that 
we put a little copper among the tin to brighten it. If the experi- 
ments I have refen*ed to have any bearing on the subject, the 
copper must make the tinned article less durable. I have heard 
of a milk dealer who put a strip of zinc round the bottom of his 
tinned iron milk-cans to prevent their rusting through. The 
dissolved zinc, however, would not likely add any useful property 
to the milk. 
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Discussion on Mr. James R. Napieb's Paper. 

Mr. Mayer thought that perliaps tlie author had omitted to 
notice that in the tin used for galvanising there was frequently a 
quantity of lead. 

Mr. Jamieson was curious to know if the effects described were 
peculiar to Loch Katrine water, and described the milky appear- 
ance observed in the galvanised water- tanks of a vessel in which he 
had made a voyage from the Clyde in the summer, adding, however, 
that the phenomenon did not reappear after the tanks had been 
filled and emptied two or three times. 

Mr. Bromhead had found that zinc, if good, altered very little 
although exposed to rain water for years, but that an inferior kind 
of zinc was in use which deteriorated very much in the same 
circumstances. 

Mr. James Thomson said that a certain proportion of lime in the 
water prevented the action referred to. 

Mr. Mackintosh drew attention to the bright surface maintained 
by the zinc roofs in Canada. 

Mr. Smith said that his experience went to shew that if the 
roofing plates were of lead they suffered little harm. 

Mr. Whitelaw thought that the effects were purely due to 
galvanic action, and were much stronger when zinc was in contact 
with iron. 

Mr. HoNETMAN considered that the results which the author had 
brought before them could not but have something to do with the 
health of the city. 

Mr. Coleman said that the decomposed material was perfectly 
harmless so lonff as it remained undissolved in the water. 



'o 



Dr. Fergus had paid some attention to lead-poisoning, having 
seen numerous cases of it in London and elsewhere, and he could 
affirm with certainty that in Glasgow lead-poisoning was of extremely 
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rare oocnrrenoe. He only remembered one case in his experience, 
and it had originated firom a totally different cause. Such was also 
the experience of Professor Churdner. 

Mr. James R. Napier stated in reply that the zinc used was the 
commercial article; that although pure zinc was said not to be acted 
upon by pure water, his experiments had reference solely to the 
action of Loch Katrine water as supplied to Glasgow on the ordinary 
zinc used in coating galvanised iron goods. The water of Kelly 
Bum at Wemyss Bay, however, has a similar action on the zina 
He had seen the tinned iron roofs of Canada in 1847, and did not 
know the cause of the iron being so durable there and so subject to 
decay here, unless it was the dryness of the climate there, and per- 
haps they were what is called teme or leaded plates, in which case 
the coating, being according to the experiments he had tried, positive 
to iron, would protect it. He believed that water with lime in it 
would prevent its acting on metals, as the Loch Katrine water sup- 
plied to Glasgow does. The action of lime in water has been long 
known to the Sheffield cutlers to preserve iron immersed in it firom 
rusting, and Mr. Young of Kelly has shewn that any alkali has the 
same effect, but such an application of lime was inadmissible for his 
domestic boiler. It was cheaper to make a copper one, which gave 
sufficiently pure water without any trouble. 
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XVII. — On tlie Immediate Remlta of the Operations of the Glasgow 
Improveffient Trust a>t last May Term, as regards the Inhabi- 
tants Dis2)laced, with Remarks on the Question of Preventing 
die Recurrence of the Evils which the Trust seeks to Remedy. 
By James B. Russell, M.D., Medical Officer of Health, 
Glasgow. 



[Read before the Sanitary Section of the Society, December 14, 1874.] 



The results which the Glasgow City Improvement Trust desires to 
attain by its proceedings are clearly set forth in the Preamble of the 
Act by which that Trust was constituted, in these terms : — 

" Wfiereas various portions of the City of Glasgow are so buUt, and 
the huUdings thereon are so densely inhabited as to be highly injurious 
to the moral amd physical welfare oftJie inhabitants, and many of the 
thoroughfares are narrow, circuitous, and inconvenient, and it would 
be of public and local advantage if various houses and buildings 
were taken down, and those portions of the said City reconstituted^ 
and new streets were constructed in and through various parts of 
said City," &c. 

The first part of this preamble is that with which this paper is 
chiefly concerned. The Trust obtained power to turn out the inha- 
bitants of certain buildings, with the intention of improving their 
** moral and physical welfiotre,'' in so far as it was injured by those 
buildings or houses. No one will expect a simple transference from 
one house to another to produce an effect which can be fully esti- 
mated, whether it be good or bad, at the very time of the transfer- 
ence. Moral and physical injury grows into the moral and physical 
constitution of the individual in the course of his life, and is cumu- 
lative in the constitution of successive generations of his descendants. 
A gutter-child from the Bridgegate is a very complicated production. 
More forces have contributed to the pitiable result than those which 
have operated within the short span of his own life, or even passed 
into his body from the parents who begot him. The evil which the 
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Ifld'prryTemf^nu Tnat setji icielf to rfnnetij waa worked m. soccesBCTe 
fjKti/fsnJtJwiTA^ anii the gT»i wludi h litssires co eifecc ouinoc be 
exhan<tr>»rl in. a period short of cKe Life of one g^nensioiiy if hoc of 
•ftver»L 

J n:iA.kft thoflft prftfittTiry r^mari», and wiali m tae citile of mj paper to 
tta^ikaaizfi th« nAl^^czlr^i ^ imm<^diate,'*' in orler co nuifcawe the oolj 
part of thft *^ res:iItA " of the proceediiLga of tlie Improvement Tmst 
n^HIb;^ which I intfriid to continbute & Uttle precipe izifomukCion, 
ftnrl in ordftr to pre^'cnt jon from estimating the valiie and scope of 
lAjr papfT, either in excess or in defect of its real impt>rtance. What 
I mean bj ** immediate resuICA " is nothing vague or speculative, 
nothing sensational or sentimental, bat simpiv such exact iacts as 
are capable of numerical statement — viz., the size, monthlj rental, 
nnmber cf inmates per house, distance of the hoose from the centre 
<yf the cit J, and manner of the excrement disposal of the inhabitants, 
before the proceedings of the Improvement Trust at last May Term 
and after. 

Bince 1870 the Improvement Trust has, frt>m time to time, de- 
molished the houses of some 15,425 persons. At last Mar Term 
some 351 houses were pulled down. The districts operated upon 
were Hi* Andrew's Square, Calton, and Main Street, Gorbals. 
Although 351 families were thus expelled, I propose, partlj from 
necessity and partly from choice, for the sake of purity of result, to 
confine my data, as to size, rent, and inmates, to 243 houses. The 
remaining 108 arc accounted for thus: — In many cases we failed 
to trace the subsequent residences from not catching the fandlies 
before they removed. In other cases, from the combination of 
dwelling-houses with shops, the rental and general character of the 
occuffancy were such as to remove them from the category to 
which the great majority of the houses belonged; while in the case 
of a large now tenement in Great Hamilton Street, which was 
Involved in the operations necessary for the formation of a new 
street, the houses wore really of a superior kind, and would not 
have been interfered with but for this accident of position. A 
similar remark applies to some of the houses in St. Andrew's 
Square. Having excluded those houses, the remaining 243 are 
on the 'whole fair samples of the utterly insanitary house, and 
their 000 inhabitants fair specimens of the miserable population 
whoso " m<»ral and physical welfare" are alleged in the Preamble 
of the Impruvemout Act to be injured by the houses which they 
inhabited. 

The throo areas operated upon present some differences, more 
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particularly as to the rental of the houses demolished, which is 
highest in the Central District, lowest in the Southern District, and 
intermediate in the Eastern District. Still, the facts regarding these 
demolitions may best be considered in the aggregate. 

1st. Size of House. — Before the operations, of the 243 families 
whose subsequent history has been traced, 118 lived in houses of one 
apartment, 96 in houses of two apartments, 23 in houses of thi*ee 
apartments, and 6 in houses of four apartments. After the opera- 
tions those 243 £a,milies were housed as follows — viz., 96 in houses 
of one apartment, 116 in houses of two apartments, 16 in houses 
of three apartments, and 3 in houses of four apartments; this 
accounts for 231 families. The remaining 12 were distributed 
thus: — 5 to the suburbs, 2 to the country, 3 to lodgings, and 2 to 
Ireland. For the sake of comparison these whole numbers may be 
reduced to percentages, when we find that before the interven- 
tion of the Improvement Trust 48^ per cent, of the families lived in 
houses of one apartment, after 39^ per cent. ; that before 39^ per 
cent, of the families lived in houses of two apartments, after 48^ per 
cent ; that before 9^ per cent, lived in houses of three apartments, 
after Q\ per cent. ; that b^ore 2\ per cent, lived in houses of four 
apartments, after 1 per cent ; leaving 5 per cent, who after these 
operations settled in the suburbs, in lodgings, or removed to the 
country districts of Scotland or to Ireland. The same facts may be 
stated in another way, thus : — Of 118 families living in houses of one 
apartment, when expelled by the Improvement Trust, 76 removed to 
houses of the same size, 39 to larger houses, 2 to lodgings, and 1 to 
the country in Scotland ; of 96 families living in houses of two 
apartments, 66 removed to houses of the same size, 10 to larger 
houses^ 17 to smaller houses, 1 to the country, and 2 to Ireland ; of 
23 families living in houses of three apartments, 4 removed to houses 
of the same size, 18 to smaller houses, and 1 to lodgings; of 6 
families living in houses of four apartments all removed to smaller 
houses. 

2nd. Rental of House. — The monthly rental was ascertained in 
each case, both of the house which was left and the house to be 
occupied. The average rental, according to the number of apart- 
ments, has been calculated in both oases. It is evident that some 
differences existed in the value of the property demolished in the 
different districts of the city. It seems to have been lowest in the 
Gorbals, and highest in St Andrew's Square area; thus in Gorbals, 
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the average monthly rental of one apartment in the property demo- 
lished was 6s. 3^d. ; in Calton, 6s. 7^d. ; and in St. Andrew's Square, 
8s. 7^d. In Gorbals, the average monthly rental of two apartments 
was 8s. 10^; in Calton, 10s. l^d.; and in St. Andrew's Square, 
10s. 3^. Throwing all these districts together, and calculating the 
average rental paid for each size of house by the families ejected, 
in the houses abandoned, and in the houses into which they removed, 
we find it stands thus : — In the old buildings, a house of one apart- 
ment cost on an average 6s. 7fd. per month; in the new, 7s. ll^d. 
per month. In the old buildings, a house of two apartments cost 
on an average 9s. 7^. per month; in the new, lis. 6^d. In the 
old buildings, a house of three apartments cost lis. 5fd. per month; 
in the new, 18s. 1 jd. In the old buildings, a house of four apart- 
ments cost 13s. 4^ per month; in the new, 17s. 2d. In all cases, 
therefore, the operations of the Improvement Trust brought an 
increased expenditure in the shape of rental to the families involved. 
Stated as a percentage upon their former rent, this increase amounted 
to 20 per cent, on the rental of a hoxise of one apartment, to 20 per 
cent, on a house of two apartments, to 58 per cent, on a house .of 
three apartments, and to 28 per cent, on a house of four apartments. 
I must pause here to make a few remarks on these comparisons 
between the sizes and rental of the houses demolished, and the 
houses into which the &milies occupying them removed. The 
number of apartments in the houses demolished is for the most 
part an entirely delusive method of estimating the accommodation 
afforded, whether calculated according to the cubic space of those 
apartments or as to the sufficiency of the structure; but especially 
as to the cubic space. To speak of three or four apartments in the 
old houses is generally a mere fiction, and a fiction of a very tragic 
kind. Thus, what could a house of one apartment be at 2s. 6d. or 
3s. 6d. per month, or a house of two apartments at 5s. per month, 
or a house of three apartments at 58. lOd. per month, or a house of 
four apartments at 7s. lOd. or 8s. 6d. per month) Yet these are 
all actual quotations of rents paid for such houses in the property 
lately demolished. It is therefore evident that a very great part 
of the contrast between the average rental of the old and new 
houses, especially of those of three and four apartments, arises from 
the fictitious nature of the accommodation afforded by the old 
houses. The case of a tenant paying more rent in those circum- 
stances is precisely that of one who ceases to buy a cheap but bad 
and adulterated article, and buys instead a more expensive but good 
and pure article. 
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3rd. Number of Inmates in House, — Overcrowding of individaals 
in the fisunily is more serious than overcrowding of families on the 
soil; hence it is important to ascertain whether the number of 
inmates per house was greater before or after the operations as 
regards the families involved. This is all the more important 
owing to the great increase in house rent, which we have just seen 
was an immediate result of the change to the fiunilies displaced. I 
find, then, that in the old houses of one apartment the average 
number of inmates was 3*6, and in the new houses of one apart- 
ment 3'3; in the old houses of two apartments the average number 
of inmates was 4*6, in the new houses of two apartments also 4*6; 
in the old houses of three apartments 4*3, in the new houses of 
three apartments 4*9; in the old houses of four apartments 3*6, and 
in the new houses of four apartments 6*3. Still further reducing 
the comparison to the number of inmates per apartment in the old 
and new houses, I find that in the old houses 990 individuals were 
accommodated in 403 apartments, giving an average of 2*4 inmates 
for each apartment, and that in the new houses 949 individuals 
were accommodated in 388 apartments, giving still the same average 
of 2*4 inmates for each apartment. Ketuming to my remark as to 
the fictitious nature of the old house accommodation, it is quite 
certain that the same number of inmates per house or apartment 
in the old and new houses really means an increased cubic space in 
the new houses — this is especially true of the houses of three and 
four apartments. In the old houses these apartments are merely 
nominal, in the new they are real. 

4th. Distance from the Centre of the City. — ^The operations of the 
Improvement Trust at last May Term were confined to three areas — 
the Calton, St. Andrew's Square, and Gorbals. The Cross may 
be taken as the centre of the city, as almost equi-distant from all 
points of the circumference, and certainly as the nucleus round 
which the city has grown — ^the oldest part of it, and the most densely 
inhabited and most unhealthy. Taking the Gross, therefore, as the 
centre, I have determined the relative distance, befoi*e and after 
those operations of the Trust, of the houses occupied by 263 families 
displaced, by marking their position on a map in relation to circles 
described, with a radius increasing by quarters of a mile in distance 
from this centre. In their origincU hahUaiions^ of these 263 fiunilies, 
29 were within a quarter of a mile of the Cross, 162 within half a 
mile, and 72 within three quarters of a mile. In their new habitch 
U<mSf 26 were within a quarter of a mile of the Cross, 79 within 
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half a mile, 108 within three quarters of a mile, 29 within one mile, 
13 within one mile and a quarter, 3 within one mile and a half, and 
5 beyond the municipal boundaries. Reducing these numbers to 
percentages of the whole number of families displaced, we get this 
comparative result: In their original habitations 11 per cent., in 
their new 10 per cent, were within a quarter of a mile of the 
Cross; in their original habitations 62 per cent., in their new 
30 per cent, were within half a mile of the Cross ; in their original 
27 per cent., in their new habitations 41 per cent, were within 
three quarters of a mile of the Cross ; in their original, within one 
mile of the Cross, none; in their new habitations, 11 per cent.; in 
their original, within one mile and a quarter of the Cross, none; in 
their new habitations, 5 per cent. ; in their original, within one mile 
and a half of the Cross, none; in their new habitations, 1 per cent.; 
in their original, beyond the municipal bounds, none ; in their new 
habitations, 2 per cent. The change may be summed up in the 
statement, that before these operations only 27 per cent, of the 
families displaced lived beyond half a mile from the Cross; but 
that aftenoards in their new houses, no less than 60 per cent, 
found themselves beyond that distance. Or taking a wider circle 
as the limit, none of the families were over three quarters of a mile 
from the centre of the city in their original homes, but now 19 per 
cent, are outside that circle. 

5th. The only remaining point in the immediate change in the 
circumstances of the families evicted which can be exhibited in this 
form, is ilie method of excrement disposal. Including for this purpose 
also the total 263 families whose future residence was traced, I find 
that only 12 of these had water-closet accommodation originally, 
but 35 have such accommodation in their new houses — ^that is, 
whereas only 4^ per cent, of the families whose hoiises were demo- 
lished sent their excreta into the sewers before the demolitions, 
nearly 13^ per cent, did so afterwards. 

This indicates a very decided tendency to increase the proportion 
of the total excreta of the population which is sent into the sewers, 
and so to add to the pollution of the Clyde at a rate increasing 
beyond the mere increase of the population. As to the immediate 
effects of the change from piivies and ashpits, as the method of 
excrement disposal, upon the families themselves, two things must 
be taken into consideration : Firsty That from the close occupa- 
tion of the ground in the old localities, for the most part no site 
was to be had where a privy or midden could be placed so as not 
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to be a nuisance, and even a source of injury to the health of the 
inhabitants. Second, That of the 35 families who found themselves- 
supplied with water-closets after these operations, only 13 found 
them in their houses. The remaining 22 found them on the stair. 
The change from a midden reeking in a confined court, possibly 
right under your window, or at the foot of the stair, to a water- 
closet on a stair well ventilated and cleanly kept, must be admitted 
to be for the better. 

On the whole, then, the result of the intervention of the Improve- 
ment Trust, as regards those families, has been at once to cause 
their redistribution into houses better suited to their requirements 
as to size, and situated much farther from the centre of the city, 
to compel them to incur some 20 per cent, more expenditure for 
rental on one and two apartment houses, and considerably more 
for houses above that size, and in some cases to improve the method 
of their excrement disposal.* 

I have now placed before you all that seems to me to be involved 
in the title of my paper; but as a supplement, you will allow me to 
add a few general remarks on the conditions necessary to ensiire 
the success of the Improvement Act, and particularly on the pre- 
vention of the return of the evils it is intended to remove. 

When a scientific surgeon has removed a tumor from the human 
body, his first impulse is to submit it to microscopic examination, 
and to determine from the results of this examination what is its 
exact nature, and above all whether it has a tendency to recur. In 
like manner, no physician worthy of the name is satisfied with simply 
treating his patient, or even curing the disease. He also inquires 
into the origin of the disease, observes its habits and characteristics, 
and if possible gives such advice as will prevent its recurrence. 
The ailment of which the Improvement Trust desires to relieve us 
is a very serious one, and the cure of it very costly, and with this, 
as with our own personal diseases, prevention is not only better 
but cheaper than cure. I propose, therefore, to glance at the 
nature, history, and mode of prevention of the civic disease against 
which the operations of the Improvement Trust are directed. 

The disease is overcrowding of various kinds — 

1. Overcrowding of tenements on the soil, or over-building. 

* 1 wiah to avoid stating mere impressions; but it is quite fair to add that the 
impressions conveyed to the minds of the large and intelligent sanitaiy staff, 
whose daily duties have brought the entire operations of the Trust under obser- 
vation, as well as to my own, are in harmony with the fiusts stated conoeroing 
that section of the operations which was carried out at last May Term. 
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% Overcrowding of dwelling-hooses in the tenement^ and h 
defects of stmctare. 

3. Orercrowding of inhabitants in the dweUing-honse, or over- 
crowding proper. 

Each of these three forms of overcrowding is an evil in itself^ 
and maj exist independently of the other; bat in fact they are 
cognate, and are generally found together, each intensifying the 
evil effects of the other, and all together producing that state oi 
chronic ill-health, with acute exacerbations, which is a feature of 
the life of Glasgow. Let us run rapidly over each form sepantely, 
touching on these three points, — ^the injury which eadi causes, 
especially to the ^* physical wel&re" of the inhabitants, the natural 
history of each (which will guide us to the prevention of each), 
and lastly, how &r we have succeeded in adopting the measures 
neoeuary for prevention. 

1. Overcrowding o/TenemenU on the Soil, or Over-lmilding. 

Every stone deposited on the surface of the earth displaces so 
much air, and therefore every tenement added to a city removes 
further from its inhabitants the great store of outer atmosphere 
from which alone the air vitiated by the functions of their lives, 
and the processes of manufacture, can be renewed. Hence there 
must be broad passages left for the entrance of air from the open 
country, and spaces preserved, which not only are reservoirs of 
fresh air, but the soil of which will provide playgrounds, places for 
rest or exercise, and sites for ashpits, washing-houses, and other 
conveniences necessary for comfort and even for healtxh. A study 
of extant msps of Glasgow throws considerable light on the natural 
history of this form of overcrowding in old Glasgow. The idea of 
the city was, central thoroughfares east and west, and north and 
south. End-on to the building line of these streets we see long 
narrow strips, extending in what was the natural direction of the 
growth of a house placed endwise to the street — hcKhoards, looking 
on the maps like sections of geological stratification, with cracks or 
flaws between. These were the closes or wynds — ^parallel intervals 
lefib between tenements simply for convenience of access, only wide 
enough to permit two persons to pass, or perhaps a barrow or a cart. 
Each proprietor was bent on covering every inch of his grounds 
with his building, and the only function exercised by the Dean of 
Guild Court was that expressed in the phrase, which is still in use, 
** to grant a lining" — that is, to see that if he buiU up to, he shoidd 
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not huild over the line of his holding. What the result was in 
process of time has been graphically described by Sir James 
Watson, and so recently quoted by Bailie Morrison that I need 
not dwell further on the picture. At the end of last century, in the 
first extensions of the city in the feuing of Tradeston, Hutcheson- 
town, Lamieston, Cowcaddens, &c., a different principle was 
adopted, which gave a new direction to this form of overcrowding, 
although at the same time it increased the number of streets in 
proportion to the surface occupied. We may call this the hollow- 
block plan, appearing on the map as the outlines of squares or 
parallelograms. These were not happy designs for the free cir- 
culation of air, but year by year you find black squares planted in 
the middle of those hollow squares, and long lines budding out 
from the sides, or running parallel within a short distance of the 
sides. This was the new development of overcrowding or over- 
building. Just as a mason erects the solid shell of his wall and 
then fills up the interval with packing, so the proprietor first built 
his block like a box, and then packed it with other houses, in many 
cases placed back to back. Hence those ominous black squares on 
the Post-Office Map of the present day. The operations of the Im- 
provement Trust are almost entirely confined to the product of the 
older form of over-building, but they are scarcely less needed in 
the localities which have been spoiled by this more recent develop- 
ment. 

The next question is, How far have we profited by the lessons 
of the past, and succeeded in preventing the continuance of this 
over-building 1 My answer is. Not so much as we ought to have 
profited and prevented it. When the Trust has finished its work, 
our streets will be the finest in the world. We are also getting 
squares and parks and other breathing spaces. We have got en- 
tirely rid of the old way of development of buildings parallel to 
each other, and vertical to the line of the street; but if you look 
at our Post-Office Map you will find it studded year by year with 
more of those squares, like the block plan of boxes; and if you go 
and inspect those squares in situ, you find that boxes they are to 
all intents and purposes, containing stagnant air. If the process of 
over-building is developed to its next stage, by packing those boxes 
to any degree with buildings of any kind, whether intended for 
dwellings or not, then you reproduce to the full the old evils. I 
admit, of course, that there is no chance of this being done in the 
present day to the extent to which it has been done in the past; 
but I think I am quite safe in asserting that the principle that a 
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bailding of aji j kind dis|^aces rital sir, mud impedes its omlstioii, 
IS not safficientlj scknowledged in the powers of the Dean of Guild 
Coart ffJT prerenting aver-hnilding. It is barely worth oonsiden^ 
tion whether s tenement whidi darkens mj windows and impedes 
the access of fresh air to m j house is a warehouse, or a singing 
saloon, or a foor-storied land of dwelling-hooses. Bat apart alto- 
gether from the aggravation of packing those hollow blocks with 
farther erections, I venture to soggest that they are in themselves 
£ialtv, and that some other principle of groand plan shoald be 
adopted which would permit a free current of air along the back 
as well as the front of every tenemenL 

2. Overcrowding of DweUing-hmueB in the Tenement, with 

Internal Defects of Structure. 

The aggregation of dwellings in the tenement is an esential 
feature of the Scotdi system of flats with common stairs, as con- 
tissted with the English system of self-contained houses with com- 
mon courts. The attendant evils, to the mitigation of which special 
attention ought to be paid, are the vertical accumulation of houses 
by the imposition of successive flats, and the horizontal or lateral 
accumulation of houses in the flats, involving the removal of the 
house still farther from the air and light, which possibly are 
already greatly debarred by over-building; the vitiation of the air 
with animal excreta which inevitably follows, and the tangible dirt 
which is always associated with darkness. The Scotch system also 
necessitates a much greater degree of personal contact and com- 
munion than the English. The result of this in a tenement over- 
crowded with houses, and defective in internal structure to boot, 
is that the inhabitants actually breathe and swallow each other 
as well as come into bodily contact. The stairs and lobbies have 
that curious indescribable sour smell which can be perceived the 
moment you enter %i close in the overbuilt part of our city. This 
co-operates with internal overcrowding in producing a low state 
of vitality and that constant irritation and defective discharge c ^ 
the functions of the lungs which issues in bronchitis and con- 
sumption, and makes the city, so to speak, asthmatic. Then 
consider the circumstances of poor children in such tenements. 
Raised above the street level to such a height, and separated 
from such scant and dangerous room for play and exercise as 
those streets and courts afford, by dark lobbies and steep dark 
stairs, what can the poor things del The playground of most of 
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the children of Glasgow below five years of age is the lobby and 
the stairhead. It is a sorry thing to hear their voices, and to 
feel them, for often you cannot see them, running about or sitting 
in groups in such places. No wonder that they are deformed 
with rickets and prematurely agedj and as to the mortality 
which prevails among them, the marvel is that so large a pro- 
portion of them ever reach adult years. As for stamping out 
epidemic diseases, such as scarlet fever, measles, and hooping 
cough in such circumstances, it is impossible; and it is only 
by the rigid enforcement of hospital treatment that their parents 
and the adults who live in these localities can be saved from 
decimation with typhus — that scourge of overcrowding and dirt. 

This then is a broad and hurried sketch of the evils to which the 
system of fiats, especially when accompanied with undue vertical 
extension and overcrowding of dwelling-houses in the fiats, tends. 
What can we do, and what have we done to reduce them to a 
minimum? The chief structural defects are in our common stairs 
and our lobbies. 

The common stair of a Scotch fiatted tenement is the analogue of 
the English court, not only as the means of access to the houses, 
but especially in old buildings, in respect that it contains the com- 
mon jaw-box — the representative of the English gully-hole— €uid 
the common water-tap for the supply of water; and in modem 
buildings in respect that it contains the common water-closet, the 
representative of the privy or trough water-closet which stands at 
the head of the English court. Yet with all this similarity of 
function, the English court is at the worst a box open above to 
the free air, while the Scotch common stair is at best a longer, 
narrower box, fully open only at the lower end, with or without 
certain mockeries of ventilators at the upper end, and with win- 
dows at intervals, which may admit light, but are never opened, 
and serve no useful purpose for ventilation until by a providential 
accident, or a merciful exhibition of malice, the panes of glass are 
smashed. In their worst form it is hard to say what the Scotch 
common stair is, but a dark noisome tunnel buried in the centre of 
the tenement, and impervioxis both to light and air, excepting the 
fetid air which is continuous and undiluted from the house along 
the lobbies and down to the close, from which you start on your 
perilous and tedious ascent. 

Now, I confess to you, I do not think we have made much 
progress in recent times in the structure of our common stairs. 
In the oldest houses the best form probably was the turnpike 
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flteadmg outside the nuun wmO, like a ka^ roand ciiiiniiey stalk; 
tile worst was the Mme tampike nnmiiig up tlirongk the heiurt id. 
the tenement ; but there were also good broad ataira with room. j 
kadings, hsriiig windowB in the main wall^ ami ao makfng 
Te&tila;tioiL iSroK tiie ooter air poambie. The more recent ior 
trodnetioa ef tiie hangiTig ataLr, in place of the tmmpike in the 
centre of the tenement, ensorea a paaaage of air ri^t up to the 
roof^ instead af only aloi^ the length of the stair. This witk 
▼entilatioa at the top ia aa improTement, bat is still ftUa toj fast 
short of ulai eo^t to be. 

Bather thaai dwell oa those architectnral detail% ef the 
teraunologj of which I know little, I shall endeavour to giTte 
IS7 notioii of the princzplea which, it is the bmnness of the aidiiteci 
lo esfrrj out in the stmetsre of a common stair. 

L It shoald toadi the open air at e^erj liat or I<i^Tu<Tiig b e tw ee n 
the flats. I hare been told this is impoaoble in comer tenements^ 
and I knowit is seldom done in such situations; bat it is jost there 
that the greatest need of Tentilation exists, because of the Bomber 
of dwdliBg-hoaso haTing access to the stair in a corner tenemeikt. 
I do not beHere in impossibilites of this kind, and there is no 
doabi this oonditioQ wo«id be complied with ercn th^e, if made 
compulsofy. 

2. A eonmMm stair shoald not on!/ toach the open air. bat the 
air shoald hare fne access independent of the onitrol of mxkj tenants 
Frah air is as essential as fireah water, and shoald be biaaght to 
each indmdoal door. The indiridoal hoosehcddeis mmj please 
themselres on the matter of adTnitting the fireah air farther, bat it 
shoald not be possible bj closing a window to deprive all the 
neighboois of this necessary of life. In Mr. Canidc's modd hoaaes 
in Drjgaie, and in a tenement in the Northern District, there is 
a free space in the main wall at each landing, protected hj a railing, 
while in Dr. Hill's property, recently erected on Gamgad HiU, the 
common stair is a tompike oatside the main wall, and the air 
blows freely across each landing by an equally perfect arrangement 
of stroctore. 

8. Sach a thing as a common stair which reqoires to be lighted 
artificiaUy in the day time, should not exist, and of coarse woald 
not exist if the previoos conditions were fulfilled. 

4. The last defect in our common stairs to which I shall allude^ 
is the nnirersal want of proper ventilation at the top of the stair- 
case. This is a most important matter when there are windows 
and water-closets on the stair — these windows, as already re- 
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marked, when a harmony of opinion among a dozen house-wives 
has to be obtained before they are allowed to remain open, being 
good for nothing as an access for air. There should always be 
some equivalence between the area of apertures admitting fresh 
air and those giving egress to foul air. Yet^ as a rule, iJie top 
of those stairs is hermetically sealed with a glazed skylight, and 
perhaps there is a hole entering beneath the roof, or an aperture in 
the skylight about six inches square, or even less. 

So much for common stairs. Let us now turn to the lobbies 
which give access to the stair, and ought to lead the fresh air to 
the very doors of the dwellings. 

If we inquire into the natural history of the lobbies of the 
buildings within the area of the operations of the Improvement 
Trust — those T lobbies and L lobbies, and infinite long lobbieSj^ 
of which you have heard so much — ^we find that the immense 
majority of them have arisen in this way, by throwing open the 
front door of a large hoxise and letting each several apartment to 
a separate tenant, a process technically known as '^ sub-dividing " 
or " making down " a house. You will remember to what use for 
rhetorical effect Dr. Guthrie puts this practice in his sermon, The 
City: its Sins and Sorrows, when he compares the lower parts 
of Edinburgh to a submerged forest : ** In their economical, 
educational, moral, and religious aspect, certain parts of this city 
bear palpable evidence of a corresponding subsidence. Not a 
single house, nor a block of houses, but whole streets, once frx>m 
end to end the homes of decency and industry, and wealth, and 
rank, and piety have been engulfed. A flood of ignorance and misery 
and sin now breaks and roars above the top of their highest tene- 
ments." This is the poetry of facts; but we have at present to deal 
with the effect of such a change on what was once the lobby of a 
private house, but what is now the lobby by which access is obtained 
to six, eight, or more distinct houses occupied by as many families. 
It is hardly necessary for me to enter into details. Let any one of 
yon imagine what would be the state of matters if your OMm private 
residences were suddenly to suffer such a change; then bethink your* 
selves of the condition of a common stair in the Saltmarket, which 
gave access in olden times to four or five houses, of say six apart- 
ments, but which now accommodates from four-and-twenty to thirty 
families. If any of you wish to see easily recognisable illustrations 
of a more modern kind, you will find them in St. Andrew's Square. 

Although the immense majority of those lobbies were, as I have 
said, originated in this way, a few were primarily planned as we 
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"Sow srues tike queati otty HiKre we pro£sed bj .be Leasocs videii 
cv^tt to teftcfa. OS in referei&ee to diia pcaccice oc *^ sab> 
or '^ nwLtrng down "^ hocues I I aa. icrrj so m.t luit in 
the lesst. Tbe pl^n. of a hooae is th« thkboasictL of aa biea. tiie 
eomsLitencT acd geiieral correctneaB of which, xzl a suiiury point of 
Tiewy nsti upon the Staem of the design to the mode oi ocnqHarr. 
Disturb this rriatioit in anr war and Toa land at oaee in a con> 
dition wiaek was merer anticxpated or proTided lor br thae architect. 
If ft nan takes a hoose which was origiiiallT designed as a segment 
or fraetioiL of a hnnse, he is aofnewhat Kke one who bars one 
artide of what was to him who p rmwcd the whole a complete sait, 
and €uiaes that he is fallj dothed. Yet to this daj thae is no 
ciieek on this sob-dirision of hoase% and the Cirr A»Mo r will 
tdl joa that jear hj rear, where fbrmerij he had but one teftant 
OD his ToU, he finds that there are sereraL There hare been no 
stmctnral ahermtions, no anthoritj has been asked from the ]>Ban 
of Gidld Coort, no one is consiihed in the public interest. A 
landlord finds that a demand iar one or two apartment hooaes 
has arisen in the loealitj where he has three or six apartment 
houses that will not let. Like his predecessors in the area of 
the Improrement Trust, he merelj throws <^pen the fruit door 
and makes down his three or six apartment hooaea to meet the 
demand. This is in effect the erection of a new tenement^ and 
ft eonsidetable proportion of our smaller-sised houses are pro- 
dnoed in this waj. If at the end of a lobbr running in a 
straight line firom the landing jon have two houses <^ three ^lari- 
ments, and these are made down into single apartment houses^ 
joa hare at once a T lobb j of the worst descriptHm. If joa 
hare two front doors on a landing, opening into honsee of fimr 
to six apartments, and these are made down, yon will probably 
hare two L lobbies. No matter with what intelligence and care 
the original plan maj have been drawn, and howerer healthy and 
nnobjectionable the houses may hare been, no sooner is the mode 
of occupancy altered than the whole plan becomes disorganised. 

In the present state of the law this process cannot be prevented, 
and can be remedied only after the fact by the certificate of the 
Medical Officer, that there are in such a tenement lobbies defective 
in light and ventilation, so as to be a nuisance and injurious to 
healtiL This ends in a refonence by the sheriff to an architect or 
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an architect and a doctor, and perhaps in a tedious legal process 
which may or may not lead to the remedy of an evil which ought 
never to have been allowed to come into existenca Obviously 
there ought to be no alteration in the mode of occupancy of a 
tenement until authority has been obtained from the Dean of 
Guild Court. The result of such an enactment would be that 
the alterations requisite to ensure the necessary light and ven- 
tilation would be enforced before the change, and before any 
injury was done to public health. We see daily how far proprietors 
can look before them in the erection of houses on the street level, 
which may ultimately be more profitable if let as shops. Any 
hardship involved in such a rule as I have mentioned ' would 
probably be obviated by a similar prevision in the drafting of 
the original plans. However this may be, I have no doubt that 
your more modem tenements of working and middle-class houses, 
built on the box plan, will, if subjected to this process of making 
down, become in a few years little better than the rookeries which 
you are now demolishing, and which were produced by the same 
process.* 

As in the case of the common stair, the principal points to be 
remembered in the construction of a lobby are these : — 

1. It ought to lead fresh air to the very doors of the dwellings to 
which it gives access. The ventilation should be such that no stag- 
nation can be possible, making the air of the lobby and of all the 
houses opening into it continuous and common. A tenant ought not 
to be able to send his aerial sewage into his neighbour's house along 
the lobby any more than to cut off the fresh air by keeping a stair 
window shut. In the case of long lobbies with many small apart- 
ments, or in the case of lobbies with angles and tortuosities, nothing 
but through-and-through ventilation from the stair at one end to 
the open air in the main wall at the other will be effective. Yet it 
is not uncommon to find the lobby door in a house which has been 
made down still in use and shut at night, producing inside a con- 
dition something like that of the Black Hole of Calcutta. 

2. Darkness in a lobby is most objectionable — ^it nearly always 
means dirt, and can never be consistent with ventilation. 

* The abase in English honses, corresponding to that of " making-down " in 
Scotch flats, is " sub-letting,** which would require to be regulated by speoial 
l^;islation. 
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3. Overcrowding of (he Inhabitanis in the DtodHng-ffousey 

or Overcrouxling Proper. 

The last of the evils with which the ImproYement Tmst contends 
is overcrowding of the inhabUarUe in the house, or overcrowding 
proper. 

Overcrowding of the house has no direct relation to the strnctore 
of the tenement, and consequently any effect which the operations 
of the Trust may have upon it is not so direct as in the case of over- 
building and overcrowding of houses in tenements. I believe that 
in and of itself the overcrowding of houses is worse in its moral and 
physical effects than either of the other forms of overcrowding to 
which I have alluded. No tenement of flatted houses, however well 
planned and however surrounded by free space, can be over-popu- 
lated without becoming a hotbed of disease and (especially if lodgers 
are the extra inhabitants) of immorality. As to the history of this 
vice of our cities (for it is, in &ct, a vice inherent in a great part 
of our population, not a necessity of structure or even of circum- 
stanoes), I believe it came to us with the Irish, or at least attained 
its fullest development with their advent There can be no doubt 
that it is the Irish and the Scoto-Irish who are at this moment the 
most obstinate overcrowders. There is very little of it among the 
Lowland Scotch. That worst form of overcrowding — ^the intro- 
duction of lodgers within the £amily circle — ^is almost confined to 
the Irish. 

As to the prevention of overcrowding, I believe that it is a vice 
which will, probably, never be eradicated from a large mass of our 
population. I mean that, suppose you had every &mily in a duly 
proportioned house to-morrow, if you simply let them alone for six 
months, you would find them living like pigs again. It is a vice 
closely related to intemperance, both as a cause and as an effect. In 
1865, in his Keport to the Privy Council on the '' Housing of the 
Poor in Towns," Dr. Hunter said — " From one point of view 
crowding in Glasgow means the diversion of income from rent to 
supply whisky." This still holds true of those habitual over- 
crowders; but I am afraid it must be said that many of our respect- 
able Scotch artisans have a great deal to learn in the distribution 
of their outlay between house, food, and dress. They fistncy every 
shilling which can be pinched off the rent is a clear saving, while 
on food and dress they spend freely, if not extravagantly. 

Glasgow was the first city to grapple with this evil in the Police 
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Act of 1862, which gives power to measure the cubic contents of 
any house consisting of '' not more than three apartments/' and if 
the cubic contents are found to be under 2,000 feet, to affix a ticket 
on the door on which the cubic space and the number of inmates 
proportioned thereto is stated. All such houses may thereafter be 
visited at night, and a fine may be imposed for an excess of inmates 
or overcrowding. These were extraordinary powers; but no one 
who knows anything of the habits of the people affected by them 
(who are not the working classes as we see them pouring from our 
shipbuilding yards and engine works, in short, not the artisan, but 
the unskilled labourer and the grade still lower, our criminal 
classes) can have any doubt of their necessity ; nor, I am glad to 
say, can any one who knew Glasgow as it was then, and knows 
what it is now, have any doubt as to their efficacy and usefulness. 
Still, if you relaxed your repressive efforts, the old state of matters 
would return in a few weeks. The transference of those people 
from the Bridgegate to new tenements, let us say, in Nuneaton Street 
or Hopehill Eoad, will not at once divest them of their habits, though 
possibly by keeping them forcibly during one generation in circum- 
stances of decency and health, new habits may grow up and become 
stable in their descendants. But we must not be restrained by any 
squeamishness about ticketing new property, and so giving it an 
ill name, if we find overcrowding has been transferred with the old 
tenants of our demolished houses. If a landlord finds that such a 
process deteriorates the yalue of his property, then he must prevent 
the overcrowding, otherwise ticketed it must be. 

Only two remarks occur to me with reference to the enforcement 
of the law against overcrowding, which of course rests with the 
magistrates. 

1. I think no mercy ought to be extended to overcrowding whioii 
is caused by the introduction. :of lodgers into the family ,• cases 
which are subjected to heavier penalties when the house has been 

. scheduled as '' let in lodgings.'' There*can be nothing more abomin- 
able, and vicious in its results than, this habit of taking strangers, 
generally young unmarried men, into a house which is already 
straitened to accommodate its legitimate occupants. Admonitions 
will not remedy such cases— only fines, which will make the viola- 
tion of the law a losing game, will put them down. 

2. In cases where the overcrowding arises from a family having 
grown beyond the dimensions of the house, or where only the 
members proper to the &mily are found in it, I think th^re is 
room for the exercise of a discretion based upon a broad con- 
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ndefmli0n of the cotire ciraimstaiifies of the ^mflr, 'viikli would 
be patenud if not ezaetlj jndicuJ. Tbese dramutaiiceB mre, the 
inoome of the funiljy and whether there is aaj Ticioui aoaroe 
of outUr, such ms intemperanee. Where jon find a hnsbaiid or m 
wife expending in drink whMt should go to the iJditional rent of 
m larger hooBe, it would be not only just but kind, to eompel 
them to go to a larger honae, and bo peihaps convert an eril into 
a good. Also where members of the £unily are woridng as wdl 
as the parenta, a large sum at monej is frequently coming in, 
while the inmates are living in a waj which is not onlj injuriooa 
to health bat indeoentw Again, it is not nnnommon to have 
daoghters bringing husbands into a crowded house, and sons Ining- 
ing wives, a violation of all decorum, at best a hlae econom j, and 
very often associated with improvidence, if not intanperance. 
In all cases even of £unily overcrowding, a dirty house should be 
visited with a penalty. Dirt intensifies the dangers of overcrowding, 
and is an indication of the social degeneraticm to which it tends. 
By the introduction oi such considerations as those, the legislation 
against o v e rcrowding might be made a powerful lever finr the 
elevation of the population to a higher ideal of the domestic life, 
and to habits of self-denial, fbr^ the purpose of maintaining that 
ideal 

In conclusion, the operations of the Improvement Trust must in 
themselves be productive of good, inasmuch as they expel, from cir- 
cumstances than which none worse could be found or imagined, a 
body of morally debased and physically deteriorated inhabitants, 
and make straight and spacious thoroughj&u-es, in place of cramped 
and inconvenient wynds and closes. But, as in war, a body of troops 
may be well equipped and act effectively and suooessfuUy against 
the enemy, and yet the ultimate success of their arms may depend 
upon the co-operation of other bodies of troops who ought to be 
moving towards the same point at the same time, so the operations 
of the Improvement Trust against the '< moral and phjrsical " evils 
alluded to in the preamble to the Act, depend for their thorough 
success on support from other parts of the fiekL My statistics 
shew, I think, that the Trust ia doing its part well, and that the 
immediate results are good; but we must see to it, that we are not 
building up with the one hand houses which may, for want of 
sufficient restrictive and regulative power, become as bad in process 
of time as those which we are pulling down with the other. We must 
also continue to look to the habits in the new localities of the people 
who have been expelled from the old, and by a constant pressure 
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compel them to distribute themselves, and endeavour to divert from 
intemperance and improvidence towards house-rent a larger pro* 
portion of their earnings. 

I am no alarmist; but no one can comprehend the importance of 
this matter of house construction to the future of Glasgow, unless 
by placing clearly before his mind two facts : — (1.) The enormous 
number of dwelling houses being erected from year to year — since 
1866 no less than 26,794 ; and (2.) above all, the small size of those 
houses. Actually, of those 26,794 built since 1866, 25 per cent, 
were houses of one apartment, and 50 per cent, houses of two apart- 
ments, leaving only 25 per cent, for all sizes above two apartments, 
and of that, 18 per cent, were houses of three apartments. One cannot 
be too anxious or exacting concerning the ventilation and general 
arrangements of such clusters of small houses. Mr. Chadwick has 
said somewhere that towns might be built by contract guaranteed 
to produce an average death-rate, according to the honesty and com- 
pleteness of the sanitary provisions. I do not believe this statement 
without qualifications; but I doubt very much, if specifications were 
issued for a town of 26,000 houses, to be erected in hollow blocks 
containing 200 a piece or thereby, piled up in four flats and a " sunk " 
entering from the court behind, with inside staircases at the comer 
tenements, the size of house over all to average 25 per cent, one 
apartment, 50 per cent, two apartments, 18 per cent, three apartments, 
and the remainder in larger sizes, whether any contractor would be 
found willing to guarantee, on such conditions, an average death- 
rate below 25 per 1000 per annum, and even that only with the 
proviso that not one of these houses should ever be " made down." 
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XVUL—Air and Water in BeUUian to Publie Health. 
By Db. William Wallacb, F.RaR, F.C.a 



[Read before the Society, 10th Febmaiy, 1875.] 



Thb subject upon which I purpose to address you briefly to-night, 
is one which is at all times of the utmost importance, but it is <^ 
especial interest to the people of Glasgow at the present time. 
For a year or two past we have earned an unenviable notoriety 
firom the unhealthiness of our city, as evidenced by our excessively 
high death-rate, and only a few weeks past we were startled by 
that rate being nearly doubled, with nothing to account for the 
sudden change but a lowering of temperature, which, in other and 
more fiivourable circunwtances than those that obtain in Glasgow, 
would only in a slight degree influence the mortality. I have 
thought it would have some interest for the members of this 
Society to have a chemist's views on the relation of air and water 
to public health brought before them, the more so as it will 
probably be the means of eliciting in discussion the views of those 
well qualified to express an opinion, but who are not prepared to 
bring forward a formid paper on the subject. 

The air in its natural state is composed of oxygen and nitrogen 
very nearly in the proportion of 21 measures of the former or active 
agent, to 79 of the latter, or inactive or diluting ingredient, together 
with a variable amount of aqueous vapour (averaging about 1^ per 
cent.), and a very small proportion of carbonic acid (-033 per cent), 
and a still more minute quantity of ammonia. Ozone or oxygen in its 
active state, may also be considered a constant component of natural 
air; for although in many situations and at particular times it cannot 
be detected, we can generally account satisfactorily for its absence. 
The proportion which the oxygen bears to the nitrogen in pure air 
is practically constant in all situations — on land and on the sea, at 
high as well as low altitudes; but all the other ingredients are 
liable to considerable variations, although, after all, the differences, 
except in the case of aqueous vapour, are not great^ unless the 
composition is influenced by causes which may be considered 



Dr. W. Wallace on Air and fFakr in Belaiion to Health. 227 

strictly local, such as volcanic eruptions or proximity of towns or 
public works. Over the sea and for a short distance inland common 
salt is a constant constituent, although the quantity is exceedingly 
minute, except during great storms, when it is sometimes carried to 
a distance of twenty or thirty miles in such quantity as to be 
deposited visibly on window panes and chimney stalks. The other 
ingredients of sea water — sulphate of lime, chloride of magnesium, 
&c — are of course carried into the air along with the common salt, 
but the presence of these, with the exception of the sulphuric add, 
is not easily detected. 

I need not refer to the influence upon the atmosphere of animals 
or plants, except to remind you that they perform opposite functions, 
and that the one compensates for the evil done by the other. Animals 
eat food containing carbon and nitrogen, drink water, and breathe 
oxygen; and the ultimate results are carbonic acid, nitric acid, and 
ammonia. Plants, on the other hand, decompose carbonic acid, 
nitric acid, and ammonia, and out of them and the elements of water 
elaborate azotised and non-azotised compounds, to form food for 
animals. So the elements carbon, hydrogen, oxygen, and nitrogen 
keep droulating, and, if the two kingdoms were equally distributed, 
the composition of the atmosphere would not suffer any change, but 
remain constant at all places and in all climates. But here man with 
his civilisation steps in and erects villages and towns and cities, 
where hundreds, thousands, nay hundreds of thousands of human 
beings, are closely packed in crowded streets and still more crowded 
houses. And, as if this evil were not sufficiently gigantic, he invents 
processes of burning sulphury coal and making gas and paraffin oil, 
with which still more to poison the confined air ; not to speak of 
manu&ctures which further pollute the atmosphere with carbonic 
acid, sulphurous acid, sulphuric acid, hydrochloric add, arsenic, and 
solid particles of various kinds, rendering the pure and balmy air 
stifling and pernicious to health. 

Many of the evils of town life are incurable absolutely, but they 
are capable of amelioration. If the town is spread over a large 
tract of country it may be comparatively healthy, but if dosely 
built it cannot possibly be so. Every town should have wide 
streets, the tenements should be restricted in height, and there 
should be scattered about numerous breathing spaces in the shape 
of parks and squares. It is a sadly mistaken policy to allow a 
town to be built up dosely, because as it increases in size and 
prosperity the ground becomes more and more valuable, and the 
making of open spaces is necessarily attended with enormous 
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expense to the inhabitants. This has been the case in onr own 
city, and we are now suffering for the neglect or ignorance of onr 
ancestors in the shape of heavy taxes. That our overbuilt comers 
of the city should be opened up was inevitable; and I think that 
every right-minded citizen, every one who values the lives and 
happiness of his fellow-men — nay, I will even put it upon grounds of 
self-interest — every one who values his own life and health and 
those of his family, will cheerfully pay the money required to root 
out the dark spots of our fair city, its dens of infamy and haunts 
of disease and death. But our rulers should not end here— they 
should, as fisir as possible, buy up the ground in the outskirts of the 
city, especially at the east end, and lay it out for workmen's 
dwellings in such a way that overbuilding will ever after be an 
impossibility. 

The atmosphere may be considered to be in its normal condition 
at any place sufficiently removed from towns and from public 
works. Dr. Angus Smith, the distinguished Inspector of Alkali 
Works, has selected Innellan on the Firth of Clyde, and Yalenda 
in Ireland, as giving air of great purity; but as a great many coast 
and country districts have not been tested, it cannot be doubted 
that there are many localities both in England and Scotland where 
the air is equally pure. It is easy to analyse air as regards the 
proportions of oxygen, nitrogen, aqueous vapour, and carbonic acid; 
but the quantities of other ingredients, such as sulphurous and sul- 
phuric acid, hydrochloric acid, and free and "albuminoid" ammonia, 
are too minute to be estimated by ordinary chemical processes, or to 
be expressed in percentages, and are stated by Dr. Smith in grains 
per million cubic feet of air. Yet these impurities exercise an 
extraordinary influence on health, and make all the difference 
between a country life and a residence in a crowded manu&cturing 
town, such as Manchester or Glasgow. As regards the sources of 
the various impurities, carbonic add results from the breathing of 
men and animals, and the ammonia and niti*ogenous organic matter 
are referable to the same cause, at least in great part. The sulphur 
acids are produced, together with carbonic acid, by the combustion 
of coal and other varieties of fuel, and of coal gas ; while alkali 
works, copper and iron smelting works, and other manufactories, 
contaminate the air with sulphuric, sulphurous, and hydrochloric 
acids, arsenic, and other impurities. The only legislative enactment 
dealing with gaseous impurities in the air is the Alkali Act, 1863, 
and the only gas of which it takes cognisance is hydrochloric acid, 
of which in former years an immense quantity was thrown into the 
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air, to the great detriment both of animal life and vegetation. Dr. 
Angus Smithy the chief inspector under this Act, is endeavouring to 
move the Government to extend the Act to sulphurous and sulphuric 
acidSy the quantities of which that are evolved from the roasting of 
minerals, and from smelting and vitriol works, is something appalling. 
For instance, there is a district at no great distance from this city 
where many thousands of tons are roasted every winter of a kind of 
ironstone called slateyband, which contains from 6 to 12 per cent, 
of sulphur, or about 9 per cent, on the average, and about -| of this 
are thrown into the air, rendering the whole district for miles round 
almost uninhabitable. 1000 tons of the ore would yield, if heated 
in the usual manner, 300 tons of vitriol of 140^. I have calculated 
that in one particular winter, in the district referred to, enough 
sulphur was burned off to produce 20,000 tons of vitriol. The evil 
in the district of Wales where copper smelting is carried on, is 
probably even greater, and in vitriol works also there is usually 
much carelessness, and sulphuric acid vapour escapes in such 
quantity as to render the air in the vicinity of these works very 
unwholesome. I believe that sulphurous acid is comparatively 
harmless to animal life, and we know that it is a powerful anti- 
septic. But it is readily converted into sulphuric acid, and in that 
condition it is very destructive. In the roasting of the sulphury 
iron ore to which I have referred, there are two distinct stages. At 
first a low combustion takes place, sulphurous gas is abundantly 
formed, but there is at the same time produced a large quantity of 
the ferric sulphate, which may be observed on the top of the bings 
in yellow masses, often mistaken for sublimed sulphur. At a subse- 
quent stage of the combustion, which occupies several months, a 
higher heat is developed, and sulphuric acid is freely evolved, pro- 
ducing an intensely stifling gas, the effects of which on vegetation 
I have traced, in the direction of the prevailing winds, for two or 
three miles. It is only in towns, however, that any legislative 
enactment is likely to be introduced, and hence the law will proba- 
bly be confined to the operations of alkali and other chemical works 
and glass work& Dr. Smith holds the opinion, and I quite agree 
with him, that at the present time the evil arising from the escape 
of sulphuric acid greatly exceeds that resulting from hydrochloric 
add. It is right, therefore, that an efficient check should be put 
upon manufacturing chemists as regards this acid. 

Glasgow, by its position and surroundings, is particularly ill 
adapted for chemical works. We are in a valley to some extent, 
and our soil is very retentive, consequently the air is colder and 
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damper than in most districts of Scotland ; and in certain winds, 
particularly those from the east and north-east, the vapours from 
the various chemical works hang about the city for days together, 
rendering the air positively unfit for respiration. 

In dwelling-houses we have the results of the breathing of the 
inmates, as well as the invisible perspiration from the skin, produc- 
ing carbonic acid and minute quantities of various organic com- 
pounds, which give a peculiar " closeness " to the air of an over- 
crowded apartment. The evil is greatly augmented at night when 
gas is burned, producing much carbonic acid and also a considerable 
quantity of sulphurous acid. An ordinary jet of gas will vitiate air 
to as great an extent as the breathing of three men; and as it is not 
uncommon, in a sitting room of moderate dimensions, to have three 
or four such jets burning, it is evident that even with only two or 
three persons in the room it may be considered overcrowded. The 
heat evolved by the oon^bustion of the gas increases the evil, for it 
is an ascertained fact that impure air which can be breathed with 
comparative impunity when its temperature is only 50? or 55^, 
becomes positively unbearable if the temperature is raised to about 
70^. It is rather singular that the feeling of oppression experienced 
in an overcrowded room, or in an unventilated hall or church, gives 
rise to the idea that the air is very hot, and I have often been 
surprised to learn in such cases, on examining a thermometer, that 
the temperature was quite moderate. When the air is pure, as for 
instance in a hot-house, a temperature of 80^ or so can be borne for 
a considerable time without inconvenience ; but when air is impure 
and hot also, the effect is very unpleasant, and even in some cases 
dangerous. I am very unwilling to pass the strict limits of my own 
profession, knowing well the errors into which men are likely to fisdl 
when speaking of things of which they have an imperfect knowledge; 
but I think I may venture to say, that the evil effects of breathing 
impure air — that is, air containing an abnormal quantity of carbonic 
acid, attended with a diminished quantity of oxygen — are due prim- 
arily to an imperfect oxydation of the blood. This, if continued 
long enough, produces a congested condition of the lungs, and often 
gives rise to various forms of disease of the respiratory organs. 
Such effects are witnessed in the case of workmen in crowded rooms 
— tailors, for instance; and not unfrequently children attending daily 
a school where ventilation is not properly attended to, acquire the 
germs of lung diseases, which cling to them through life. In 
churches, especially during afternoon or evening sermons, the 
insufficient oxydation of the blood gives rise to drowsinessi which 
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is often erroneoualj ascribed to a dull sermon. This condition of 
body is less likely to occur during the morning serrice, because the 
air is then comparatively fresh and untainted. 

The difficulty of ventilating a hall filled with people may be best 
appreciated by consideiing what occurs when a meeting of several 
thousands of people, closely packed, is assembled in the open idr^ 
especially in a warm summer day. The atmosphere in such cases 
becomes insufferably heavy, the tainted air passing off too slowly 
to permit of a sufficient influx of fresh air. Those who have visited 
the Glasgow Fair on a hot calm July day or evening, will have a 
vivid recollection of the abominable effluvium caused by the breath- 
ing of the crowd of sight-seers. In a hall we have the conditions 
intensifled, and the difficulty of admitting a sufficient quantity of 
air, without at the same time producing so great a draught as to 
make the pla<^ untenantable, is such that ventilation, in the sense of 
keeping a hall comfortable for hours together, is almost an impossi* 
bility. The nearest approach to it probably is when air is injected 
by a fan, being previously warmed to about 56^ to 60^ by p€issing 
over steam or hot water pipes. This plan has been found exceed- 
ingly -efficacious for hospitals and workhouses, and has given most 
excellent results with patients afflicted with diseases of the respira- 
tory organs. Air jiassed over heated flues is never so pure. The 
minute particles of organic dust always floating, getting chaired, 
give to the air an unpleasant flavour, if I may so express it, and 
there is almost always a slight amount of diffusion of the gases from 
the interior of the flues, even if they are made of cast iron. 

But it is only in the case of great public institutions that mecha- 
nical power can be used for injecting pure air, or what amounts to 
the same thing, removing that which is vitiated; and in the absence 
of this many plans have been tried with greater or less success — the 
best, in my opinion, being M'Kennell's patent (now I believe lapsed), 
which consists of two concentric tubes, of which the inner and 
longer tube carries off the heated and vitiated air, and the outer 
one introduces pure air from the roof of the building, and by 
means of a deflector is spread over the ceiling, and gradually and 
almost imperceptibly permeates the entire building. A mere outlet 
or series of outlets on the roof is useless, or worse than useless. 
Take, for example, the principal hall in the Queen's Rooms ; when 
it is crowded and the doors are shut, the air immediately becomes 
stifling, and there is practically no ventilation whatever ; but open 
the doors and a sweep of cold air comes in that, under such dicum- 
stances, is more dangerous than the vitiated air itselC 
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The yentilation of private lionses presents still greater difficulties'; 
but many methods have been adopted with greater or less success. 
These plans have been thoroughly discussed at the meetings of the 
Philosophical Society and the Architectural Section. Mr. Hoey's 
is an ingenious plan, and appears to work well, and the old-fashioned 
Amott's valve is still used with some success. There are two dis- 
tinct methods of ventilation followed — those in which the vitiated air 
is drawn from a point near the ceiling up the chimney, and those 
which admit fresh air frt)m the outside, and allow the vitiated air to 
find its way up the vent through the ordinary opening of the grate. 
There is no good reason why the two systems should not be com- 
bined; but I have seldom seen both adopted in the same apartment. 
I find that a few holes, bored with a f-inch bit in the top rail of 
the upper sash of the window, forms an excellent means of ventila- 
ting both bedrooms and sitting apartments, and gives practically no 
draught in consequence of the high elevation at which the holes are 
placed. An ingenious method has been introduced by Mr. Penny- 
cook of this city, which I have proved to be most successful, and 
which consists in removing the top bead of the window frame, and 
forming, by a simple means which I cannot readily explain, a com- 
munication with the interior of the room, the whole breadth of the 
window, and half an inch wide. This space is filled loosely with horse 
hair, which tempers the current, which would otherwise be too great, 
especially during high winds, and filters the air frt)m particles of dust. 

I shall not at present speak of the impurities of the air resulting 
from sewage, as this will come before us more naturally when we 
come to consider the removal of excreta by water carriage. 

The subject of arsenical wall-papers, which made a great noise 
some years ago, has recently been revived, and rightly so, for it is 
one of those subjects which, at first laughed at, then pooh-poohed^ 
are afber all found to have something in them. In this case the 
impurity is not a gaseous but a mechanical one ; and I think it has 
been proved beyond doubt that in very many cases arsenical wall- 
papers have caused serious injury to health. It would be well, 
therefore, that in choosing wall-papers those should be selected 
that are free from the bright-green colour, consisbing of arsenite of 
copper. To those who have not studied the literature of the subject 
I may briefly state, that the colour is gradually and insensibly 
rubbed off the paper, and so dififused in the air ; and this is amply 
proved by the fact that the dust collected in quiet comers of rooms 
where bright green papers cover the walls, has invariably been found 
to contain arsenic, sometimes in large proportion. 
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I do not consider it within my province to speak of the influence 
of climate, of elevation, and of humidity, and other similar matters, 
as these, although exercising a marked influence on health, have 
little to do with chemical science. But I must make a single remark 
with regard to the eflect of light upon air, for that is a strictly 
chemical point. Light has a wonderful power of enabling the 
oxygen of the air to attack and destroy the organic impurities that 
are present, and hence the necessity for light in rooms, as well as 
free ventilation. An apartment dimly lighted is undoubtedly much 
less wholesome than one well flooded with day-light; and I may add 
that there cannot be a greater nuisance in a house than a delicately 
coloured carpet or other furniture, on account of which it is deemed 
necessary to maintain a sombre and melancholy gloom. 

I have already alluded briefly to the crowded state of Glasgow. 
This it is unquestionably that is the main cause of our alarmingly 
high death-rate — a rate that is higher, I believe, than that of any 
other town of considerable size in Great Britain, and that has in- 
creased with the extension of the city. I don't say that overcrowding 
is the sole cause, but it is probably the principal one. Glasgow, 
although occupying a large extent of ground, is by far too small for 
its population ; and if we take only those portions of the city that 
are inhabited by the working classes, we might probably look in 
vain in any town in the kingdom for such a number of human 
beings to the acre as we And in some of our lowest districts. We 
have one evil to contend .with in Glasgow which in English towns 
is avoided, that is, houses of great height. In English manu&o- 
turing towns, at least in the district of them occupied by the 
industrial classes, the streets are as a rule narrow, probably 
narrower than ours, but the houses are only two stories in height, 
and each house is complete in itself, or, as we say in Glasgow, '' self- 
contained," so that diseases of an infectious nature are much less 
likely to spread than when a dozen houses or so all communicate 
by a common stair. The ventilation of the streets is evidently 
much more perfect where the houses are only two stories in height 
than here, where they are as a rule four stories ; and if we add the 
great want in Glasgow of open spaces, not to speak of our defective 
sewage arrangements, of which I shall treat more particularly by 
and by, we have a condition of matters which makes a high death- 
rate inevitable. Dr. Angus Smith's seventh annual report ia 
probably the most valuable contribution to chemical climatology 
that has yet api>eared, and it displays an amount of perseverance 
that is truly wonderful He appears to have made literally thou- 
Vol. IX.— No. 2. R 
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Bands of analyses of air from eveiy conceivable place — from the tops 
of our Scottish mountains to the bottoms of our deepest coal-pits. 
Dr. Smith, though long resident in Manchester, is a Glasgow man, 
and we can readily understand that he would touch upon our 
failings and misfortunes as lightly as possible. Yet the picture he 
gives us is positively appalling. In all the tables of impurities 
of every conceivable kind, Glasgow is at the bottom of the list. 
The air here contains more hydrochloric acid, sulphurous acid, 
and sulphuric acid, more ammonia, and more nitrogenous organic 
matter, more carbonic acid and less oxygen, than that found in any 
other large town in the kingdom. Can we wonder then at our 
high death-rate, and particularly at the prevalence of disorders of 
the respiratory organs? Can we wonder that our citizens during 
the summer months fly frx>m the city to the free air of the country 
or the coast? Can we wonder if our civic rulers endeavour to ad- 
mit light and air where they are so much needed, and that some 
of our most philanthropic citizens should have even anticipated 
the City Improvement Act, and bought up property in the worst 
localities for the same laudable object? Our City Improvement 
Scheme has borne fruit, first in the imitation of Edinburgh, and 
now in the introduction of a Bill to enable all our large towns to 
adopt a similar improvement scheme without the necessity of 
procuring a special Act of Parliament 

I am exceedingly averse to introduce into my paper any consid- 
erations of a moral character, yet I think it is impossible fairly to 
discuss the effects of our humid and vitiated atmosphere if we 
ignore the influence these have on the minds of our ill-housed and 
ill-fed working population, in causing them to try, vainly as we 
too well know, to counteract the depressing influences by which 
they are surrounded by the use, not to say the abuse, of stimulants. 
In a bright clear atmosphere there is a natural exhilaration of 
spirits which renders stimulants unnecessary. When our citizens 
are better provided with air and light than they are now, they will 
drink less and live longer. 

We now come to the consideration of our second subject — water, 
in its normal condition, and in various states of contamination. 

There is not a more beautiful operation in chemistry than distil- 
lation, which is constantly in use both in the laboratory and in 
manufacturing operations, for the separation of a liquid from the 
impurities with which it is associated. In nature we have distil- 
lation on a gigantic scale constantly going on. The bed of the 
ocean is the still or retort which contains the liquid, the rays of the 
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son supply the heat required to oause the neoeBsary evaporationy the 
clouds and mountain tops supply the place of a condenser, and the 
earth is the receptacle into which the distillate is received. And 
here the rectification, so far at least as the solid ingredients are con- 
cerned, is most complete, for rain water is remarkably free from aolid 
matter, and differs only from ordinary distilled water in containing 
oxygen and nitrogen gases to the extent of 6 or 8 cubic inches per 
gallon, and in the proportion of one part of oxygen to two of nitro- 
gen. This oxygen in water plays a most important part in the 
economy of nature, and is essential to water used for drinking. 
Ordinary distilled water is very insipid and tasteless, and unfit for 
use as a beverage, although it is never entirely devoid of air ; but it 
may be made palatable as well as wholesome by means of the 
** aerator," which is now usually attached to the distilling apparatus 
in ships using sea water. 

Eain water is never absolutely pure, but the quantity of impurity 
varies with the locality. The only ingredients in what may be 
called normal rain water are traces of nitric add and ammonia, 
and near the sea traces of common salt, and of course, in still smaller 
proportion, the other salts present in sea water. In towns, how- 
ever, and in localities where chemical works and metal-smelting 
works abound, the rain that falls is largely contaminated with 
sulphuric, sulphurous, and hydrochloric acids, ammonia, and par- 
ticles of carbonaceous matter. The quantity depends partly on 
the character of the air in the town, and partly on the duration 
of the rain — a slight shower giving rain highly saturated, while a 
long continued pour gives a comparatively pure water. 

Bain water collected in the country is the purest natural form 
of the liquid. It saturates the ground, particularly on the higher 
levels, and percolating downwards through the soil, it forms nils; 
these coalescing form streamlets, then rivers, gradually increasing 
in size until they reach the sea. Frequently these streams or 
rivers expand into lakes, and these are largely taken advantage of 
by engineers as natural reservoirs for the supply of towns; but in 
the absence of these, artificial lakes are made by damming up valleys 
through which streams flow. All lakes, however, are not equally 
suitable for the supply of towns, for although the water is generally 
pure so far as regards contamination by sewage or by chemicaJ 
manu&ctures, it is very frequently so loaded with peaty matter 
as to be unsightly in colour and disagreeable to the tastew Even 
the water of Loch Katrine, although collected chiefly on rocky 
ground, has a yellow colour, which becomes very distinct when com* 
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pared with distilled water, and yet the quantity of organic matter 
is less than a grain in the gallon. Waters collected upon peaty 
ground have the disadvantage of being exceedingly irregular in 
composition and colour. During dry or moderately dry weather, 
water collects oil the hill-tops, and forms what are called " hags " or 
deep holes or depressions, where it becomes fully saturated with 
vegetable matter. Then when heavy rains fall, this impure and 
darkly coloured water is washed into the streams and lakes or 
reservoirs. There are two simple methods of estimating the rela- 
tive colours of such waters : one is to fill long glass tubes and look 
through them against a sheet of white paper ; another to sink a 
white plate in the water until it is lost to sight. 

When water collected upon high levels, instead of flowing off 
into streams, sinks deep into the ground, and after passing through 
a greater or less extent of rock or soil appears at a lower level, it 
constitutes what are called springs. For example, the city of 
London rests upon the chalk strata, but below it is the greenktnd 
formation, which, forming a basin, crops out all round at a radius of 
about twenty miles, and water is collected abundantly, and appears 
in London when the chalk is bored through. It is thb water that 
is used by the London brewers. The same formation exists in 
Paris, and there the water ascends through bores with such force 
that it shoots up to a considerable height above the surface of the 
ground, constituting Artesian wells. In country places generally, 
where there is no regular gravitation supply, wells are the only avail- 
able source of potable water; while rain water, collected in barrels 
or tanks, is employed for washing, for which purpose well or spring 
water is, from its hardness, unsuitable. The use of rain water 
ought to be strictly conflucd to washing and cleansing purposes, as 
it is, as collected on the roofs of houses, always more or less impure 
from the washing off from the slates of organic and other matters 
deposited during dry weather. This when collected in barrels or 
tanks decomposes, and the water becomes putrid, and consequently 
unwholesome. Another evil attending the use of rain water depends 
upon the extremely rapid action of this variety of water upon lead, 
which renders its collection in leaden cisterns a frequent source of 
danger. I recollect of a case which occurred in a small town not 
&T from Glasgow, when nearly all the pupils in an extensive board- 
ing school were suddenly seized with symptoms of lead cholic, 
arising from drinking rain water which had been collected in a 
leaden cistern. There are some localities where it is impossible to 
obtain a supply of good water from wells, and it is important in 
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Bach casea to collect and store rain water in such a way as to make 
it available for all domestic purposes. The best way to effect this 
is to construct an underground tank of bricks, lined with Roman or 
Portland cement, and to lead the rain water into this after being 
passed through a filter of animal charcoal. The tank should com- 
municate with the air by means of a tube of six or eight inches 
diameter, and surmounted by a Muir's four points ventilator, which 
will ensure a current of air on the top of the water at all times. 
There should be no leaden pipes used for the water — all should be 
of iron, or of lead lined with tin. 

But to return to the subject of wells. These, when situated in 
towns or villages, are almost always contaminated to a large extent 
by drainage from cultivated and often heavily manured gardens^ 
from cesspools, dungsteads, stables, byres, and pigstyes. The wells 
are often little more than mere holes sunk a foot or two in the 
ground and roughly built with stones, and I have frequently seen 
them placed with the utmost ingenuity, so as, if possible, to catch 
every available drop of the drainage of a byre, pigsty, or necessary. 
The deepening of wells does not necessarily give pure water, even 
if all the surface drainage is carefully excluded by puddling, for the 
water may come from a distance, and appear at the bottom of 
the well as a spring, and yet the water may be very impure. 
It is only in very bad cases that we find in wells the presence 
of recent sewage contamination, for in percolating through the soil 
the organic matter is oxydised, and the nitrogen appears in the form 
of nitric acid combined with magnesia or lime. Such waters may 
not be immediately hurtful, but they are at all times dangerous, and 
especially during the occurrence of epidemics, when they appear to 
disseminate the germs of disease. But in some cases the sewage 
matter passes direct into the wells without undergoing oxydation, 
and such wells give rise to typhoid fevers and other forms of disease, 
even where there is no epidemic raging in the locality. Of all the 
well waters I have examined, and I have tested a great many, by 
fJEir the greater number were contaminated with sewage to such an 
extent as to render it extremely doubtful whether they should be 
used at all. And yet such water, unless polluted by what may be 
called fresh sewage, is generally colourless, bright, cool, and fresh to 
the taste; and it is not, therefore, astonishing that country folks 
should be unwilling to give up the use of their wells, espedaUy 
when they are required to pay for a supply by gravitation. It 
is therefore necessary, in many cases, for the local authority 
of a village or country district to use sharp coercive measures, 
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and to peremptorily close such wells as are manifestly dangerous 
to health. 

Bivers and streams are also liable to pollution by sewage and the 
by-products of certain manufactures, such as paper-making, wool 
scouring, and the refuse of paraffin oil works, distilleries, and various 
chemical operations. As regards the influence of sewage, it must be 
considered with reference to quantity. For example, the drainage 
of a small village somewhere about Tintock would not perceptibly 
damage the Clyde at Glasgow, for the animal matter would be com- 
pletely oxydised and rendered harmless. But when we throw into 
the Clyde the excrements of half a million of people, we tax the 
powers of water and air too severely, and the river becomes a 
gigantic cesspooL And yet I believe I am correct in saying that 
the stinking condition of such rivers as the Clyde, is about th^ least 
of the evils connected with our present system of getting rid of our 
excreta. Ko doubt travelling on the river in Summer is very un- 
pleasant, and we are all heartily ashamed of strangers seeing our 
seething puddle at the Broomielaw ; but it has by no means been 
satisfELctorily proved that the disgraceful condition of the Clyde is 
directly dangerous to health. But when we examine more minutely 
into the matter, and look further into the system of water carriage 
for excrementitious matters, we And in our own homes the true 
danger of the system, developing itself in fevers, diphtheria, and 
perhaps other forms of disease. It is curious to reflect that in this 
wonderful age of progress we should in one matter, and that one 
which is intimately interwoven with our daily life, have retrograded 
instead of advancing, and this not only in regard to health but also 
in an economic point of view; for sewage has a considerable value, 
the produce of Glasgow being worth nominally — that is^ it would be 
worth if converted into a marketable form — X250,000 a year. This 
is a large sum of money, and it is evident that if we spent a half or 
even three-fourths of this sum in producing the article required by 
fiEirmers, we should still be gainers to a very large amount. How- 
ever, the main consideration is to get rid of our excreta in such a 
way as to avoid a nuisance in our houses and in the river. I have 
to confess that in the matter of the disposal of sewage I am some- 
thing of ik turncoat. Only a few years ago it appeared to me im- 
practicable to employ any other means than water carriage to convey 
away the sewage of a population who had become habituated to the 
luxury of water-closets. I did not see any solution of the opposite 
system, except the dry-earth closet, the quantity of earth required 
for which is about four times that of the excreta, and I found by a 
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simple oalcalation that the amount of earth necessary, the number 
of acres of land required to be stripped of its soil, and the enormous 
expense of cartage to and from the city entirely precluded the possi- 
bility of its application to a large town, although in a village it might 
do yery well. But other methods have since been proposed, and 
what appeared only a few years ago impossible now appears to be 
capable of a practical solution. 

This subject is now engrossing the attention of all the large 
municipalities in the country, many of whom are precluded from 
admitting their sewage into the rivers upon whose banks they are 
built, and it will undoubtedly be a subject of paramount importance 
for many years to come. The idea of irrigation has been carried out 
to a rather large extent, and upon the whole I think it may be 
regarded as a failure ; while the processes by which it is proposed to 
extract from sewage its manurial value and then pass it in a pure 
state into the rivers, will not bear scientific investigation. It 
appears to me that to deal with sewage we must avoid producing it 
•^keep the sewers for their legitimate use of carrying off surface 
water and kitchen slops, and convert the excrementitious matter 
into a form in which it can be utilised for manurial purposes. 

Unfortunately, sewage is not the only source of pollution of 
our rivers. If we go to the River Almond, which flows into the 
Firth of Forth at Cramond, we find the whole stream and its tribu- 
taries, the Bench Bum, the Brox Bum, the Briech Water, the Lin- 
house Bum, and the Mid-Calder, frightfully polluted with paraffin 
oil products, and entirely devoid of fish, except at points above 
the various paraffin oil works. Again, the North £sk is extensively 
polluted by paper mills, and other rivers and streams are destroyed 
by distilleries, su^^ar refineries, wool scouring, flax steeping, linen 
and jute bleaching, starchmaking, dyeing and calico-printing, tanning, 
and chemical manufactures. In very many cases fine streams are 
transformed into unsightly and stinking puddles. As examples of 
pollution by dyeing and calico-printing we may take the Cart, with 
its tributary the Levem j and the Glazart, a fine stream which takes 
its rise in the hills above Campsie Glen, and joins the Kelvin near 
Kirkintilloch. Turkey-red dyeing, as carried on on the banks of 
the Leven, pours an immense quantity of dyeing materials and 
chemicals into that river, but the volume of water is so great that 
the extent of pollution is comparatively small, although still serious. 
The streams in the neighbourhood of Dundee are extensively pol- 
luted by the results of linen and jute bleaching and dyeing, and all 
the streams about Greenock are rendered useless for all ordinary 
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purposes by the operations of the sugar refineries of that town. I 
need not dwell further upon these matters, which have been fully 
treated in various Blue-books issued by *' the Commissioners 
appointed to inquire into the best means of preventing the pollu- 
tion of rivers." It is obvious that much of the refuse matter at 
present allowed to find its way into our running waters might be 
kept out by processes of subsidence and filtration, and in such cases 
there would be little hardship in compelling the manufacturers to 
separate the insoluble impurities before running their refuse into 
the streams. But soluble salts and compounds cannot be so removed, 
and where these are present in such proportion that the drainage 
after dilution with the body of the stream is too impure for fish to 
live in, or to be employed for its primary uses, other means require 
to be adopted if the present unsatisfactory state of the rivers is to 
be improved. In the case of paraffin oil no course is open but to 
evaporate all the refuse liquid matter, and this is actually done at 
some works. Why, then, should it not be done in all, and so 
permit a delightful district of country to be restored to its pristine 
condition 1 The Commissioners have tested the process of filtration 
through earth and through animal charcoal for water polluted by 
dyeing operations, and both were found to efiect an immense improve- 
ment. In other instances, I believe, it is possible to make the 
refuse matter a source of profit; but even in such cases manufieu^urers 
will rarely adopt preventive means until compelled to do so by force 
of law. Distilleries produce an enormous quantity of a liquid 
called ** pot ale," which contains an amount of nitrogenous organic 
matter which would, I believe, amply repay the cost of evaporation, 
especially if the water were first drained away as far as possible. 
But we wait for further legislation regarding the pollution of 
rivers; at present prosecutions can only be instituted by private 
individuals, and the expenses of such cases in the Court of Ses- 
sion are so enormous, and the polluting interest, if I may so 
call it, is so powerful, that few actions are raised. I trust, 
however, that a better time is coming ; and as it has been 
found that the emission of smoke can be prevented without, 
in general, incurring additional expense for fuel, and sometimes 
even effecting a saving ; so it will be found that if legal enactments 
make it penal to pollute rivers to an unwarrantable extent, means 
will be found to prevent the pollution without much extra cost, and 
sometimes with pecutiary benefit. As an instance of the latter, 
I may refer to the great Esk pollution case. This was an action 
brought by certain proprietors of land against the papermakers on 
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the Esk, the result of which was, that the latter were compelled, 
under heavy penalties, to keep out of the Esk a large proportion of 
the materials by which the river was formerly polluted. It was 
now found that the caustic soda, which was one of the principal 
causes of the evil, could be recovered at trifling cost ; and at the 
present time the recovery of the soda, instead of being a hardship, 
as it was at first considered, is a source of large profit, and is readily 
adopted even by papermakers who are not under any obligation to 
do so. 

I do not purpose to-night to enter into the various plans that 
have been proposed to remedy the evils of which I have spoken. 
The approaching visit of Sir John Hawkshaw, for the purpose of 
taking evidence on the subject of the purification of the Clyde, will 
afford the opportunity of discussing the matter in a thorough and 
satisfiEtctory way. 

In conclusion, I venture to hope that when all the means of 
ameliorating our condition have been adopted — when the City Im- 
provement Scheme is completed, and air and light admitted where 
they are imperatively required — when a new system of sewage is 
inaugurated, and we are no longer haunted with sewer gas, and 
our once noble river is restored to something like its pristine purity 
— when ameliorated conditions of life remove from our lower popu- 
lation much of the temptation and incentive to intemperate habits; 
I fondly cherish the hope that we shall be better and happier 
citizens, and that Glasgow, despite her many shortcomings, will 
long continue to flourish. 
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XIX.— Notes on Niagara, dkc. By Mr. William Kkddib, F.Ra E. 



[Read before the Society, November 18, 1874 J 



Writers -who have described the Falls of Niagara have given 
expression more or less vivid to the effect produced by the spec- 
tacle upon their own minds ; but it may be doubted whether either 
pen or pencil has ever conveyed to other minds a true conception of 
what it is in reality. Some people are disappointed with the first 
view of Niagara. This must be due, in a measure, to their visiting 
it with exaggerated expectations and erroneous notions of what they 
come to see ; in some degree, also, to the difficulty one feels in esti- 
mating its imposing magnitude and power on a first examination- 
It is a common and just remark that the falls are little indebted to 
the effect of the surrounding soeneiy. There are waterfalls here 
at home (Foyers is one of them) deriving half their attractions 
from the accessories of cliffs and deep wooded ravines, which in 
themselves would be objects of picturesque beauty were the torrents 
dried up. The river scenery of Niagara, above and below the &lls, 
is not without many pleasing features, but it is dwarfed in presence 
of the one prominent and absorbing object. Magnitude and nm- 
plicity are the two qualities whence this imposing spectacle derives, 
in the main, its fascination for the observer. Like all things in 
nature and art which combine harmony of proportion with grandeur 
of dimensions, the Falls of Niagara appear at first sight less than 
they really are, and they grow upon the mind, both in bulk and 
beauty, by every successive visit. My temporary residence was at 
Thorold, seven miles off; but I obtained a lodging in the little 
village of Drummondville, within fifteen minutes' walk of the fells, 
and for five days I explored the Eapids and the Cataracts at nearly 
all the available points, viewing them in every direction and in a 
variety of atmospheric conditions, and I felt that Niagara had never 
appeared so great and beautiful as when I lingered for the last time 
in its august presence. 

There are, as is well known, two falls — viz., the Horseshoe Fall, 
on the Canadian side, and the American Fall, on the opposite side 
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of the river, with Goat Island, belonging to the Americans, placed 
amidst the Rapids like a breakwater, and dividing the current as it 
rushes towards the precipice. The banks of the river above the fiills 
are flat, but richly wooded. In laying out the grounds of Goat 
Island, which has been done without matei*ially disturbing its 
primitive forest, the Americans have exhibited a degree of taste and 
enterprise which has not been imitated on the Canadian side, except 
in the fine demesne named Street's Islands, a private property, from 
which, as well as from Goat Island, a commanding view of the 
Bapids is obtained. The deep ravine through which the current 
flows on emerging from the gulf under the cataract, presents on its 
wooded slopes a refreshing margin of verdure, while the surrounding 
country is in summer parched and yellow. Some plants, interesting 
to the botanist, are found on the moist banks of the river, amongst 
which may be noted a showy purple-flowered species of raspberry 
(Rubtis odoratus), which is widely dispersed throughout Canada; 
a species of Apocynunif or dogbane {A. andrasamii/olium), not less 
common; Ehua degans; Calamintha glabella, var. Nuttallii, Gr., and 
Lobelia eyphUidca, In Street's Islands I observed the royal fern 
(Oemunda regalia) in a somewhat degenerate state as to size.* 

The Kiver Niagara flows out of Lake Erie, being at its exit 330 feet 
above Lake Ontario. For the first fifteen miles it has a descent of 
about one foot in a mile. On approaching Goat Island its current is 
greatly accelerated in the Kapids, along which it descends about 50 
feet in less than a mile. At the fiftlls it is precipitated over a cliff 
1 65 feet of perpendicular height. The stream then flows seven miles 
further in a ravine, with a descent of 100 feet, bringing it to the 
level of Lake Ontario, into which it is at length discharged after a 
run of seven miles more. 

Of the two cataracts, the greater and the more picturesque is the 
Horseshoe Fall, so named from the curvature in its form. It is 
about 1,800 feet, or more than the third of a mile, in breadth, an 
extent which the eye is slow to appreciate. Goat Island, inter- 
mediate betwixt the two falls, is somewhat less in breadth ; and the 
American Fall is about 600 feet wide. The latter forms nearly a 
straight line; but such is the abrasive force of the torrent, that it 

* The following plants occnr near Thorold, and on the Welland Canal : — 
Aadepias ComuU; A. incamata; A, tuberoaa; PodophyUum peUcUum ; 
Phytolacca decandria; CaUa palustria; SagUtaria variabiUa; Cephalanthua 
occiderUalia; Aaimina trUoha (the North American Papaw) ; Sanguinaria 
Canadensis. The lowly and beantifiil Linncsa borealis was fonnd growing 
profasely in stations so remote from each other as the heights of Point Ltfvis at 
Qnebec, and Xepigon Bay on Lake Superior. 
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18 steadily wearing away the rock over which it descends; and I 
was informed by an accurate observer, the Bev. Mr. Bartlett, whose 
mansion is situated on a plateau overlooking the Canadian Fall, that 
both the cataracts have perceptibly altered their form since he took 
up his residence there some years ago— the American Fall, in par- 
ticular, having shewn a decided tendency to take on the crescentio 
shape, which contributes so much to the graoeftil appearance of the 
larger cataract. €k>at Island is also meanwhile slowly but steadily 
contracting its dimensions, under the influence of the current which 
it encounters on both sides. The effect of this abrading action upon 
the two fedls and the intermediate island, after the lapse of the 
next two centuries, will probably be not less remarkable than the 
change which has passed upon them both since 1678, when Father 
Hennepin, the French missionary, drew the picture of the fklls 
which is copied from the original in Sir Charles Lyell's work on 
America. The remaining portion of what was long known as the 
Table Hock, on the Canadian side, was blasted by gunpowder early 
last year (1873), under a mistaken impression that it was beginning 
to give way below. A similar misapprehension as to the stability 
of the well-known Terrapin Tower, on the American side, led to 
its being demolished about the same period. 

The spray of the torrent is often wafted from the gulf to a great 
height above the falls, and descends in drenching showers ; or it is 
projected in sudden bursts from the surfiEUje of the heaving gulf^ 
caused apparently by the escape of the imprisoned air ; or the mist 
rises from the surge and moves down the river in tall perpendicular 
columns. In sunny weather the spray is surmounted by an iris, the 
serene beauty of which forms a singular contrast to the incessant 
turmoil of the cataract and the abyss into which it descends. My 
first view of the Horseshoe Fall was enhanced by the presence of 
the iris, which arched it over like a rainbow ; and on my last visit 
the arch extended from the Canadian to the American Fall^ em- 
bracing them both. 

The sound of the fidls is indescribably grand and impressiva It 
18 " the voice of many waters," and we may imagine its power and 
resonance when we think of Niagara as a narrow cliff over which is 
precipitated the outflow of three of the most capacious reservoirs of 
fresh water in the world, being the drainage of half a continent. At 
night, if the wind happened to be &vourable, I heard the 90ugk of 
the falls seven miles away, when it resembled the sound of waves 
breaking upon a distant sea-shore. On some occasions it is heard 
at Toronto, which lies right across Lake Ontario at a distance of 45 
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miles. And yet when you are standing on the bank of the river 
overlooking the gulf, the sound is not overpowering ; it only becomes 
deafening when you descend into the ravine close to the falls ; but 
both above and below the tremor of the ground is very perceptible. 
Writers have endeavoured in vain to describe the sound by any suf- 
ficiently definite term. It is not a roar nor a rumble — ^it is not like 
thunder nor the discharge of distant artillery. Captain Basil Hall 
employed a prosaic similitude, but one that comes nearest to the truth, 
when he compared it to the 'Meep, monotonous sound of a vast milL" 

One of the most attractive features of the falls is the green, or 
rather bluish-green colour of the water. This is displayed particu- 
larly in the Horseshoe Fall, and at that part of it where the 
thickest mass of water is projected over the cliff. More than a 
third of the fall is green, the thickness of the devolving torrent at 
this point being estimated at 18 or 20 feet. The river preserves 
more or less of a blue-green colour in its course along the ravine 
for several miles, as is distinctly observed even down as far as the 
Whirlpool. In the perfection of its purity and lustre, as seen in 
fine weather at the falls, the intense green was a reproduction, upon 
an extended scale, of the colour exhibited by some of the icebergs 
seen on the coast of Newfoundland. The same phenomenon I had 
previously seen in the crevasses of the Mer de Glace in Switzerland, 
and also in the water of the Swiss lakes. The Lakes of Geneva and 
Lucerne are of the same colour as the Hiver Niagara below the falls. 
Where the Khone emerges from the Lake of Geneva, starting upon 
a career of swiftness as well as strength, which has won for it the 
epithet of the " arrowy Khone," the stream as it breaks over its 
rocky channel appears of a bright azure hue, which it retains for 
about a mile of its course, when it is deprived of its distinctive 
colour by becoming commingled with the muddy waters of the Arv^. 
What is the cause of this remarkable colour 1 It is not, as has 
been supposed, the effect of atmospheric reflection. 

On leaving Canada for the States, and crossing Niagara by the 
railway suspension bridge, I obtained a passing glimpse of the 
Horseshoe Fall in a thunder-storm, which threw the whole inter- 
mediate valley into shade, while the rain was pouring down in a 
genuine Canadian torrent ; yet even at this distance the beautiful 
green continued to shine through the gloom, only with somewhat 
diminished radiance. In like manner, I remember observing the 
blue surface of the Lake of Lucerne to retain its colour during a 
thunder-storm, when seen from the heights of the Bighi through 
mist and rain, and when the sky was obscured. 
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Dr. James Forbes observed snow amongst the glaciers becoming 
blue, when penetrated a few inches from the surface, during a 
snow-storm, when the sky was of a leaden hue. He ascribed the 
colour to the purity of the water, whether fluid or congealed. Sir 
Humphrey Davy was of the same opinion. In his Salmoma he 
remarks that the purest water with which we are acquainted is un- 
doubtedly that which falls from the atmosphere. Having touched 
air alone it can contain nothing but what it gains from the atmos- 
phere. Kain-water cannot be examined without collecting it in 
vessels, and all artificial contact gives more or less of contamina* 
tion; but snow, he observes, falling on glaciers, themselves formed 
of snow and melted by the sunbeams, may be regarded as water 
in a state of purity. Congelation expels both salts and air from 
water, whether existing below or formed in the atmosphere ; and 
in the high and uninhabited region of glaciers there can scarcely 
be any substances to contaminate it. Sir Humphrey chemically 
examined the water produced from melted snows on glaciers in 
different parts of the Alps, and always found it of such a quality 
as to lead him to consider it as pure. '' Its colour," he says, '* when 
it lies any depth, or when a mass of it is seen through, is bright 
blue." He cites the instance of the Lake of Geneva, fresh from 
sources (particularly the higher Bhone) formed by melting snow, 
and passing out of it dyed of the deepest azure. But, in point of 
fact, when the Rhone enters the lake it discolours it throughout 
a large space, as much as the Clyde in flood discolours the water of 
the estuary at Port-Glasgow and Greenock. The water of the lake 
only becomes limpid, when the detritus which it has brought down 
from its source in the mountains has met with the conditions 
favourable to its deposition. When the water has been strained 
of its grosser mechanical impurities, it assumes the azure hue, 
although it may be supposed that the stream can scarcely have 
been charged with such immense quantities of earthy materials, 
without being, to some extent, contaminated with finely commi- 
nuted particles, or at least with chemical impurities which it must 
retain. In ascribing the purity and blueness of the water to 
its snowy origin, Sir Humphrey left out of view the muddy 
condition of the river till it falls into the lake. He was further 
of opinion that the greenish tint of the ocean depends partly on 
the presence of iodine and bromine, these substances probably 
resulting from the decay of vegetable matter. When dissolved 
in minute portions in water, they give a yellow tint, and this 
mixed with the blue of pure water would occasion sea-gi*een. 
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He made an experimenfc on the water occurring in pools on the 
surface of the Mer de Glace. He threw a small quantity of iodine 
into one of the deep blue basins of water on the ice, and diffusing 
it as it dissolved, with a stick, he saw the water change first to 
seargreen in colour, then to grass-green, and lastly to yellowish- 
green. This, he says, he gives not as a proof, but only as a fieust 
fiftvourable to his conjecture. 

The question suggests itself in regard to the fresh-water lakes in 
our own country, and especially those existing in basins consisting 
of rocks very slightly soluble in water, and therefore, as in the 
instance of Loch Katrine, extremely pure. Why are tJiey not of 
the blue colour of the Swiss lakesl and wliy are their effluents not 
of the hue of the Khone below Geneva, and the waters of the 
Niagara below the falls? Loch Lomond is about the same length 
as the Lake of Lucerne, but possesses none of its blue colour. Aa 
Loch Lomond is encircled by micaceous and other schistose rocks, it 
must contain much less impure matter in solution than the Lake of 
Lucerne, which is bounded for miles by limestone cliffs. The 
deeper parts of Loch Lomond and Loch Ness appear black. ' The 
Atlantic waves in mid-ocean when looked down upon are black, 
although in sunshine the spray of their white curling crests 
reflects an intensely brilliant green with occasional flashes of irides- 
cenoe* Their blackness was remarked by Dr. Tyndall in contrast 
with the colour of the water on approaching the banks of Newfound- 
land, when it becomes less pure, and assumes the characteristic 
sea-green tint. '' The water of the Atlantic," he says, *^ is practically 
Hack," ''You go to bed with the black Atlantic around you. 
You rise in the morning and find it a vivid green, and you correctly 
infer that you are crossing the banks of Newfoundland." The 
water of Lake Erie at Buffalo is said to be blue, but of a less deep 
tint than the water of Niagara below the falls. At the lower part 
of the lake, where it joins the Welland Canal, I observed no colour. 
The water of Lake Superior, upon which I was afloat for eight days, 
including the passage through Lake Huron, was colourless and dark, 
but when agitated by the paddle-wheel of the steamboat appeared 
slightly greenish. In neither of these lakes, however, nor in Lake 
Michigan, so far as I saw it, was there any approach to the bril- 
liant blue-green of Niagara, of the Swiss lakes, and the icebergs. 

Lord Dufferin says of a lake in Iceland, that its waters are 
''as bright and green as polished malachita" "The Gulf 
Stream," says Pro£ Wyville Thomson, "as it issues from the 
Strait of Florida and expands into the ocean on its north- 
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ward course, is probably the most glorious natural phenomenon on 
the face of the earth. The water is of a clear crystalline trans- 
parency and an intense bliie,- and long after it has passed into the 
open sea it keeps itself apart, easily distinguished by its warmth, 
its colour, and its clearness ; and with its edges so sharply defined 
that a ship may have her stem in the clear blue stream while her 
stern is still in the common water of the ocean.'' — {T/ic Deptha of the 
Sea, 1873.) 

Dr. Tyndall, in crossing the current which sets in through the 
Strait of Gibraltar from the Atlantic to the Mediterranean, observed 
its boundary to be so sharply defined, that '' on the one side of it the 
water was a vivid green, on the other a deep blue. Standing at the 
bow of the ship a bottle could be filled with blue water, while at the 
same moment a bottle cast from the stern could be filled with bright- 
green water." Seen from a distance, the Atlantic here had the hue 
of ultramarine ; but looked down upon, it was of inky blackness^ 
qualified by a trace of indigo. 

The water in the Polar ice is described by Captain Parry as 
exhibiting the same fine blue colour which occurs iu the Swiss lakes 
and glaciers. 

Dr. Tyndall, before investigating the subject of the blue-green 
colour of water experimentally, and previously to his having seen 
the water of Niagara, was led to suspect that the impurity of the 
water of the Swiss lakes has more to do with its peculiar colour, than 
its supposed freedom from earthy ingredients. Souie years ago he 
expressed his opinion that not only is the detritus brought down by 
the Khone not thoroughly strained from the water in its passage 
through the Lake of Geneva, but that the presence of solid matter 
held in suspension may actually be a cause of the blue colour of the 
water. Beflecting on the efiect of particles suspended in the air, 
and in various fluids, in promoting or retarding the passage through 
the liquids of different rays of light — as, for example, " when a beam 
of white light is sent through a liquid containing extremely minute 
particles in a state of suspension, the short waves are more copiously 
reflected by such particles than the long ones — ^blue, for example, 
being more copiously reflected than red," — he asks, "Is it not pro- 
bable that this action of finely divided matter may have some 
influence on the colour of some of the Swiss lakes — as that of 
Geneva, for example 1 " Then, referring to the Bhone and its tribu- 
taries as being all of glacial origin, and therefore charged with the 
comminuted matter of the rocks over which they have passed, he 
proceeds — '' But the glaciers must grind the mass beneath them to 
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I>articles of all sizes, and I cannot help thinking that the finest of 
them must remain suspended in the lake throughout its entire 
length. Faraday has shewn that a precipitate of gold may require 
months to sink to the bottom of a bottle not more than five inches 
high, and in all probability it will require ages of calm subsidence 
to bring all the particles which the Lake of Geneva contains to its 
bottom. It seems certainly worthy of observation (adds the writer), 
whether such particles suspended in the water contribute to the pro- 
duction of that magnificent blue which has excited the admiration 
of all who have seen it under favourable circumstances." 

In a *'Note on the Precipitation of Clay in Fresh and Salt 
Water," by our ingenious member, Mr. David Robertson, printed in 
the Transactions of the Geological Society of Glasgow, it is stated that 
a quantity of clay placed in suspension in a jar of fresh water, con- 
tinued gradually to be precipitated throughout a period of six 
months, at the expiry of which the water had become com- 
paratively clear, but still retained a tinge of colour. 

The results of some observations made subsequently (1870) by 
Dr. Tyndall on water obtained at nineteen difierent points between 
Gibraltar and Spithead, may be briefly stated as follows : — Three 
specimens taken from parts of the harbour of Gibraltar, at some 
distance from each other, are described respectively as "green," 
"clearer green," and "bright green;" these, when afberwards 
examined in the laboratory at London, were found, the " green " 
specimen to be "thick with suspended matter," the " clearer green " 
specimen to be "less thick," and the "bright green" specimen to 
be " still less thick." " Thus (says Dr. Tyndall) the green brightened 
as the suspended matter became less." In regard to water taken 
from the Atlantic current, already referred to as flowing into the 
Mediterranean through the Strait of Gibraltar, the examination of 
the blue water shewed that "in passing to indigo the water became 
suddenly augmented in purity, the suspended matter having become 
suddenly less." " Off Tarifa (he continues) the deep indigo dis- 
appears and the sea is undecided in colour; accompanying this 
change we have a rise in the quantity of suspended matter. Beyond 
Tarifa we change to cobalt-blue, the suspended matter fieJling at the 
same time in quantity. This water is distinctly purer than the 
green." Twelve miles from Cadiz the water is " yellow green," and 
when examined at home it proved to be " thick with suspended 
matter." Fourteen miles in the homeward direction, the water 
changed from yellow green to a bright emerald green, which was 
subsequently found to have been owing to " a sudden fall in the 

Vol. IX.— No. 2. s 



250 FhUosqphical Society of Glasgow. 

quantity of suspended matter.^ The cause of the Hub colour of 
water and ice is explained as follows by this careful observer: — 
" "ViTater absorbs all the extra red rays of the sun, and if the layer be 
thick enough it invades the red rays themselves. Thus the greater 
the distance the solar beams travel through pure waier, the more are 
they deprived of those components which lie at the red end of the 
spectrum. The consequence is, that the light finally transmitted by 
the water, and which gives to it its colour, is Uue,^* Then, how ia 
the green colour accounted for ? A white dinner plate was thrown 
into the sea, and as it sank its hue became green ; and when the sea 
was of the darkest indigo the green, or rather blue-green, was most 
vivid. The same result is seen on throwing a white pebble into 
blue water. " Break such a pebble," says Dr. Tyndall, " into frag- 
ments, each of these will behave like the unbroken mass ; grind the 
pebble to powder, every particle will yield its modicum of green ; 
and if the particles be so fine as to remain suspended in water, the 
scattered light will be a uniform green. Hence the greenness of 
shoal water." The author's conclusion therefore is, that *' the green- 
ness of the sea is physically connected with the matter which it holds 
in solution." Two years after experimenting upon the colour of 
searwater. Dr. Tyndall visited America (in 1872), and saw Niagara, 
the green colour of which he thinks is " correctly accounted for " by 
the results of the observations and experiments thus concisely stated. 
(See Hours of Exercise in the Alps.) 

The lowest and oldest system of rocks in America is the Lanren- 
tian series, so named from the Laurentide Hills, north of the River 
St. Lawrence. The system attains a thickness of 30,000 feet of 
crystalline strata, and in Canada it occupies an area of about 
200,000 square miles. The same system has been recognised in our 
Hebrides, in Norway and Sweden, and in Bohemia, but its greatest 
development is in North America. In Canada the Laurentian 
rocks have yielded one well-marked fossil, named Eozoon Ccmadensej 
a gigantic representative of one of the lowest orders of animal 
life, the Foraminifera, No trace of its existence in our Scottish 
Laurentians has yet been detected.* It is the oldest organism that 
has ever been found in the rocks; and, as Sir Roderick Murchison 
remarked of the Oldhamia of the Cambrian system, " the geologist 
may well look upon it with veneration !" Over the Laurentian rocks 
in Canada lies unconformably the Huronian system, which in one 
district, described by Sir William Logan, has a thickness of 18,000 

* GUmbel has found in Bavaria a peculiar apeciea of Eozoon, in rocka 
<SoiTe8|xmding to the Laurentian, and which he namea Eozoon Bavarkunu 
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feet. The Huronian is followed in the ascending series by the 
Lower, Middle, and Upper Silurian. The rocks of the Niagara dis- 
trict are— (1.) the Medina, the Clinton, and the Niagara formations, 
belonging to the Middle Silurian ; and (2.) the Onondaga formation, 
belonging to the Upper Silurian. The upper parts of the series of 
the Medina rocks are seen in a section 200 feet thick in the channel 
of the Niagara river, from a quarter of a mile below the falls to 
Lewiston and Queenston. The strata dip up the stream, and are 
distinguishable by their varied colours, the series consisting of red 
shales or marls, with green spots and stripes, interstratified with 
thin beds of red sandstone. The upper member of this series is 
known as the Gray Band, which is quarried near Thorold for con- 
structive purposes. Immediately over this band lies the Clinton, 
consisting of four feet of greenish and bluish argillaceous shales, 
abounding in some places with Fucoids, of which the most conspicu- 
ous is Arthrophycus HarlanL This and another Fucoid and a species 
of Lingula are the only organisms yet detected in the Medina series 
in Canada ; the Arthrophycus is common to both the Medina and 
Clinton systems, which are closely united in their rocks and fossils. 
No trace of leaf, or stem, or relic of a land or fresh-water animal has 
been afforded by the Medina and Clinton beds. 

The rocks of the Niagara period abound in Corals and Crinoidal 
remains, insomuch that some of the beds have been called old ooral 
reefs. The limestones are usually made up of fossils, and are often 
magnesian. << There is no evidence of the existence of fishes, or of 
life over the land and in fresh waters," says Dana. The rocks of this 
period have a very wide geographical range, and along the Appa- 
lachian region in Pennsylvania the strata have a thickness of 1,500 
feet. The massive encrinal limestone of the falls includes species 
of Chsetet-es, Strophomena, Khynchonella, Athyris, Atr3rpa, and 
Spirifera, together with Calymene Blumeiibachn; while in the under- 
Ijring shales most of the species contained in the limestone are 
repeated; and both have species common alike to them and the 
Clinton groups, such as Halydtea catemdatay Strophomena mgoaa, 
PerUamerus oblongtM, Atrypa reticularis, d;c. 

Lake Erie is bounded chiefly by Devonian rooks. Sir William 
Logan observes that the arrangement of the great western lakes is 
traceable to the disposal of ** two distinct parallel zones of strata, the 
softer members of which have yielded with comparative fiudlity to 
the wear producing the excavations holding the water." Aooording 
to this geological result, Erie and the main body of Huron and 
Michigan may be termed Devonian lakes, Ontario, Georgian Bay (a 
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portion of Huron), its continuation in the channel north of the 
Manitoulins, and the vast expanse of Superior, are Lovoer Silurian 
laJces. Towards the lower end of Lake Erie, the country, including 
Grand Island and Navy Island, consists of the Onondaga (Upper 
Silurian) rocks. 

The slope and precipice over which the rapids and the cataracts 
descend, consist chiefly of the Niagara limestone and Niagara shale, 
together constituting the Niagara group. This formation continues 
northward for about seven miles, through which the Biver Niagara 
has excavated its channel. A narrow space is next occupied by the 
Clinton group of rocks (Middle Silurian). From this point the river 
descends at the escarpment of Queenston and Lewiston nearly to 
the level of Lake Ontario, into which it debouches, afler flowing 
through seven miles of Medina Sandstone (also Middle Silurian). 

The limestone cliff over which the stream is precipitated at the 
£Etlls is 85 feet thick, overlying 80 feet of soft and yielding shale, 
the aggregate height being 165 feet. The subjacent shale being 
exposed to the action of the spray, is in a state of disintegration, 
thus undermining the superincumbent cliff; and the huge masses of 
rock tumbled into the bed of the stream testify to the constancy 
and efficiency of this process of excavation. The foaming chasm 
below the Horseshoe Fall is from 200 to 400 yards wide, and its 
depth is estimated at 300 feet. Along the ravine ploughed through 
the rocks the river descends 100 feet in seven miles; on emerging 
at Queenston upon the flat open country, it descends only four feet 
in the remaining seven miles of its course to the lake. No one can 
observe the ravine from the fisUls downwards without being con- 
vinced that it has been scooped out of its rocky boundaries by the 
action of the stream. Sir Charles Lyell observes that — " It has long 
been the popular belief, from a mere cursory inspection of this 
district, that the Niagara once flowed in a shallow valley across the 
whole platform, from the present site of the falls to the Queenston 
heights, where it is supposed the cataract was first situated, 
and that the river has been slowly eating its way backwards 
through the rocks for a distance of seven miles. According to this 
hypothesis," he continues, "the falls must have had originally 
nearly twice their present height, and must have been always 
diminishing in grandeur from age to age, as they will continue to 
do in future so long as the retrograde movement is prolonged. It 
becomes, therefore," he adds, '' a matter of no small curiosity and 
interest to inquire at what rate the work of excavation is now 
going on, and thus to obtain a measure for calculating how many 
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thousands of years or centuries have been required to Hollow out 
the chasm already excavated.*' 

There is not only evidence that the cataract is steadily receding 
under the erosive action of the water, but there is historical proof 
of its having changed its shape, and by so much shifted its position, 
within the last two centuries. But when we take all the apparent 
waste of a couple of centuries, and employ it as a chronological 
scale whereby to estimate the time occupied by the cataract in 
working its way back from Queenston, we are plainly exposed to 
serious error, unless we can ascertain that the waste is proceeding 
at a definite rate. Admitting the want of sufficient data for esti- 
mating the rate of retrogression. Sir Charles Lyell is nevertheless 
disposed to assume that the &lls recede one foot in a year — thus 
allowing 33,000 years for the excavation of the seven miles of 
rocky channel. Mr. Bake well estimated that during the forty 
years preceding 1830, the river had worked its way back, causing 
the £eJls to recede at the rate of a yard annually. But all estimates 
of this soi*t must be little better than conjectures, so long as we 
remain ignorant of the conditions in which the work of erosion has 
proceeded. Unknown causes may have hastened the process at one 
time, and retarded it at another. Of two things we may rest satis- 
fied, however, that the channel of Niagara has been cut through the 
rock, by the power of running water — one of the most energetic and 
constant agencies in modifying the surface of the earth; and that such 
an operation could, in any circumstances, only be the work of ages. 

I botanised in a wooded dell ten miles from Niagara, formed by 
a small river or creek, as such streams are called, which falls over 
a ledge of the Niagara limestone, with the characteristic friable 
shale beneath. There are two cascades of considerable height, 
known by the name of De Cou's Falls. At the upper fall the 
underlying shale was worn away to such an extent as to admit of 
my easily going behind the cascade, where it leaps over the massive 
ledge of limestone. The &lls are not known to our travellers in those 
parts, but they would make a reputation for a province at home. 
The shady banks, profusely clad with wood and wild flowers, 
reminded me more of a Scottish bum-side than anything else that 
I saw in Canada. Its interest in the present connection, however, 
consists in its being really a Niagara in little, both as regards 
geological structure and aqueous action. (Here and elsewhere— 
from Montreal to Collingwood^was found a graceful fern, Adian- 
Him pedcUum; also Desmodium acuminalbum^ and the Canadian Colum- 
bine, AquUegia Canadensia.) 
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The presence on Goat Island and on the river banks of beds of 
gravel and sand, containing fluviatile shells, was first pointed out by 
Mr. Hall and Sir 0. Lyell, as affording evidence of the former 
existence of a channel of the Niagara at a much higher level, 
before the table-land was intersected by the great ravine. This 
fossiliferous deposit is found on both sides of the stream, shewing 
that the stratum was continuous till it was disunited by the erosive 
action of the water ; and Goat Island remains in the centre of the 
river, to confirm the evidence of the former connection of the strata. 
The shells must have inhabited the river when its bed was the 
gravelly and sandy deposit in which they are now preserved. They 
belong to species still living in the same waters, and represent the 
genera IJnio, Cyclas, Melania, Paludina, and Planorbis. The ex- 
istence of this fossiliferous deposit carries us back to a period 
antecedent to the excavation of the ravine, and the consequent 
recession of the fails. 

It is observed of the fossil flora of the Pliocene epoch in Europe, 
that although it presents no species which appear to be identical 
with plants now growing in Europe, there is a remarkable affinity 
betwixt these Pliocene species and certain North American living 
plants. Professor Agassiz states, as the result of a comparison 
made by himself, that the tertiary fossil plants of Europe ** resemble 
more closely the trees and shrubs which grow at present in 
the eastern parts of North America, than those of any other part 
of the world. Hence," says he, "the present eastern American 
floray and I may add the fauna also, have a more anderU charaeter 
than those of Europe and of western North America. This is a 
peculiarity,'' he adds, ''which agrees with the general aspect of 
North America, the geological structure of which indicates that this 
region was a large continent long before extensive tracts of land had 
been lifted above the level of the sea in any other part of the 
world." He points out an instance of the ancient character of the 
fiftuna presented in the fresh waters of North America, including 
the Eiver Niagara. This eminent ichthyologist had distinguished 
ten diflerent species of the Garpike or Bony-pike, belonging to the 
genus LepidosteuSf all of which are confined to the lakes and rivers 
of North America, with the remarkable exception of Lake Superior. 
This truly North American fish is the descendant of a family which 
was widely represented in primitive ages by species which have left 
their remains in the strata of the old red sandstone, the carboni- 
ferous and later formations, in Europe, America, and other r^ons. 
The Lepidosteus is described by Agassiz as follows: — 
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" The scales of Lepidosteus are square, and overlap only very 
slightly. Each scale is composed of two substances, — ^first, a lower 
layer of bone, forming that part of the scale which is covered by the 
next; second, enamel, like that of teeth. The scales are also hooked 
together^ a groove in each, with a hook from the next fitting into it. 
Nothing of this kind occurs in other fishes of the present day. From 
these peculiarities I have named the family the Ganoids. Their 
vertebrse are not articulated together as those of other fishes, but 
unite by a ball-and-socket joint, as in reptiles." 

Tracing the progress of his own knowledge of this genus, first in 
Europe, the author says, — '' One step further was made during this 
excursion (1848) when, at Niagara, a living specimen of Lepidosteus 
was caught for me, and to my great delight, as well as to my utter 
astonishment, I saw this fish moving its head upon the neck freely, 
right and left and upwards, as a Saurian, and as no other fish in 
creation does." Again, he remarks, — '^ This Lepidosteus is one of 
the swiftest fishes I know. He darts like an arrow through the 
waters, and the fecility with which he overcomes rapids, even the 
rapids of Niagara, shews that the Falls of St. Mary would be no 
barrier to him, if there were no natural causes to keep him within 
the limits in which he is foimd." These latter rapids or falls (known 
as the SatUt Ste. JMarie)^ it may be explained, form part of the 
beautiful stream which issues out of Lake Superior, through an 
extensive archipelago, into Lake Huron, connecting them botlL 
The total descent of upper and lower rapids is about 22 feet; 
but the whole difference of level between the two lakes in a 
distance of 40 miles is only 32 feet. The Lepidosteus inhabits Lake 
Huron, but does not ascend to Lake Superior, yet it occurs in Lake 
Michigan, Lake St. Clair, Lake Erie, and finds its way by the 
Niagara to Ontario, and even down to the St. Lawrence as fiEu: as 
its outlet into the sea. The curious fact of its absence in Lake 
Superior was referred to by Agassiz as shewing "within what 
narrow limits animals may be circumscribed, even when endowed 
with the most powerful means of locomotion, and left untrammelled 
by natural barriers," — an observation which, twenty years after- 
wards, he was able to confirm by fresh discoveries of the same 
description in the Amazons. — (See NanraJtivs of JSxcursion to Lake 
Superior by Agassiz and party in 1848, published in 1850). 

While at Niagara, in Mr. Bartlett's garden, I first saw the Colorado 
potato-beetle and its ravages upon the potato plant. It is a for- 
midable little creatui*e, about the size of a pea, tenacious of life, 
highly reproductive, and seemingly independent of climatal coil- 
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ditions. It has been traced from Nebraska, where it appeared in 
1859, to Iowa in 1861, to Missouri in 1865, in which year it had 
crossed the Mississippi in Illinois, leaving colonies behind it in its 
progress. In 1868 Indiana was reached ; in 1870 Ohio and the 
confines of Canada, also portions of Pennsylvania and New York. 
Next year, 1871, a great swarm of these beetles covered the River 
Detroit in Michigan, crossed Lake Erie, and speedily took posses- 
sion of the country between St. Clair and Niagara. A writer in a 
scientific periodical in the States observes, — '' Should the beetle 
once reach the Atlantic coast, and be carried unobserved across the 
ocean, then woe to the potato-grower of the old country ! " 

The east and west coasts of North America are rich in the 
possession of Tortoises (Chelonia), twenty-nine species being allotted 
to the one coast, and the same number to the other. A pretty little 
fresh-water species, the JEmya or Testudo picta, frequents the streams 
and ponds between Ontario and Niagara. (A specimen, of which 
the Carapace was shewn^ was taken in the Welland Canal.) 
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XX. — On a W<Mie-Preventing Water-Supply Apparatus. 
By Mr. Andrew Crawford. 



[Read before the Society, 10th March, 1875.] 



It is well known that a great part of the water supplied to Glasgow 
is running continually to waste; and that unless this be checked, the 
growing demands of the city will require a new set of supply pipes, 
and probably an enlargement of the sewers. It is well known also 
that the greater part of the waste occurs at the fittings. The Water 
Commissioners, alive to these fa<;ts, have tried various means of 
preventing the waste, but as yet evidently with very partial success 
— as appears from the semi-official statement recently made, that 
there is as much water uselessly wasted as would supply nearly 
other three cities as large as Glasgow. Some years ago the Com- 
missioners issued a set of rules or regulations to be observed with 
respect to the water-supply and the apparatus allowed to be used, 
which no doubt prevents the waste being greater than it is. But 
as this is shewn to be so enormous, I have ventured to propose 
another system of supply-apparatus to remedy the evil complained 
of. As it happens, however, in some respects to be at variance 
with the rules referred to, it has not yet received the sanction of 
the Commissioners, so as to be allowed to compete with existing 
systems. I hope it will be here considered on its merits. 

The object of the apparatus may be briefly stated to be absolutely 
to prevent the waste which arises from the present imperfect and 
defective fittings to cisterns and outlets, or ftt>m the carelessly 
leaving open of a valve or tap. It does this by supplying a limited 
quantity of water (as much as may be desired when the apparatus 
is ordered) each time the valve is opened, and no more can be 
obtained until the valve is again shut for a short period. 

Fig. 1 shews the apparatus to be applied wherever it is desired 
to save water or prevent its careless waste. A is a strong air 
vessel, into which water from the main is admitted at the bottom 
by the inlet valve C, whereby the volume of air is diminished and 
itt pressure increased, until it equals that of the main. In itt 
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nonnal state this valve C is open, as shewn is fig. 1. The water in 
the air vessel is thus in direct continuity with that of the main, of 
which it virtually forms a part, while, at the same time, the oatlet 
DD is kept firmly closed by the pressure of the main acting on the 
valve- EE, attached to a flexible disc, whose area is greater than 
that of the valve. When water is wanted, the inlet valve C is 
shut, and kept shut by the lever G, while a further pressure on the 
lever opens the outlet DD, whereby the water from the air vessel 
is discharged by the force of the condensed air. Thus, while the 
outlet valve remains tight, no water can be wasted ; for while the 




Fig. 1. 
outlet is open the inlet ia shut, and they cannot be both open at 
the same time. 

The air vessel can be of any capacity, and if for water-closets, caji 
be made to ddiver the smallest quantity which any one conceives 
to be sufficient up to the limits allowed by the Water Commissioners 
for the supply of the closet. It can be placed at any level above or 
below the closet. It is economical in its application, inasmuch aa 
|HpeB of very small bore are sufficient for the supply. The valve 
oumot be wilfully tampered with so as to make the apparatus ran 
more than the quantity allowed. It is as durable and tight as anjr 
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of the stop valves or taps admitted for water supply, and as easily 
repaired as any of these. The apparatus is equally applicable to 
wash-basins or sinks, urinals, or drinking-fountains, to all places 
where it is desirable to prevent waste, without preventing the free 
use of the water. 

[Drawings were exhibited shewing the air vessel and valve 
attached to a sink; also to a water-closet, with air vessel under 
the seat, and to a water-closet with air vessel above the seat.] 
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XXL — A Method of Trisecting an Angle. 67 Mr. Jas. N. Miller. 



[Read before the Society, 10th March, 1875.] 



Let ACB be any angle. With C as centre and any radius CA 
describe AB, an arc of a circle cutting in A and 6 the lines CA 
and CB containing the angle. Bisect the arc AB in D, and the arc 
ADinE. 

Measure from E towards B the arc EF, equal to a fourth of the 
arc AE. 

Measure from F towards B the arc FG, equal to a fourth of the 
arcEF. 

Measure frt)m G towards B the arc GH, equal to a fourth of the 
aroFG. 




Continue indefinitely this operation of measuring towards B, 
from the extremity next to it of each consecutive increment to the 
arc AE, an arc equal to a fourth of its immediately preceding arc. 
In the arc AB, let Z be the point which is the limit to this opera- 
tion. Then obviously 

arc AZ = arc AE + arc £F + arc FG + aroOH + &a 



.^/l 1 1 1 1 1 ^ \ 
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Multiplying both sides of this equation by 4 gives 

4 arc AZ = arc AB + arc AB (7 + if + Ts+f4 + 75 + Je + ^cA 

Subtracting equation (1) from equation (2) gives 

3 arc AZ = arc AB. 
Therefore, 

arc AZ = ^ arc AB. 

Bisect then the arc ZB in O, and from the points Z and O draw 
the straight lines ZC and 00. Those lines divide the angle AOB 
into three equal angles, AOZ, ZOO, and OOB; for those angles are 
at the centre of the circle of which AB is an arc, and they stand 
upon equal arcs of that circle— namely, AZ, ZO, and OB. 

Thus, the angle AOB is trisected by the straight lines OZ 
and 00. 

OoBOLLART. — By a similar method an angle may be divided into 
5, 7, 11, 13, 17, 19, 23, 29, or any number of equal parts. 

P.S. — Since the foregoing method occurred to me I have been 
shewn by Mr. Muir, of the High School, to whom I was referred 
by Sir Wm. Thomson, a method which, afler the first stage, ia 
identical with it, and which he had previously discovered. 
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XXll.—M'Eay's Machins for Boring Tvbe-Platei or other 
Plates of Metal. 67 Mr. William Dbon. 



[Read before the Society, 24th February, 1875.] 



In this age of advancement, when railways are being largely 
dereloped not only in our own country but in every other, and 
when steamship routes are multiplying on every sea, any contribu- 
tion to the mechanical engineer, by means of which the construction 
of the necessary engines and boilers may be simplified, should be 
gladly welcomed, and that more especially in a period of dear labour 
and ''short time." It is with this object in view that I bring 
M'Kay's tube-plate boring tool before the notice of the Societj. 

The primary object of the tool is the boring of holes of from f 
to 5 inches in diameter in what are commonly known aa '' tube- 
plates." 

After marking off the area of each hole wanted in such a plate, 
a common modp of proceeding is to bore or punch a preparatory 
hole^ — say from | to 1^-inch in diameter — in the centre of all 
of the spaces thus marked; fix in the drilling machine a 
boring bar with a centre-pin to fit this hole and with a cross- 
head in which two cutters are so placed as to give the exact 
width of hole required ; and then allow the rotary action of the 
spindle to come into play. Now, to this method there are three 
very serious objections — viz., I. The time occupied in boring or 
punching the preparatory hole is lost time. II. There is great 
difficulty in setting the cutters to suit exactly the size of the hole 
required, and in giving them that correct shape and clearance 
which is so necessary. III. There is great danger of your tools 
breaking when just completing their cut through the plate, on 
account of the downward pressure of the spindle and still more 
on account of the ''drop" which all vertical boring-machine spindles 
have more or less. 

Another method which is sometimes adopted, is to use much the 
same kind of tool-holder as that now described, but with a spindle 
movable in the centre of the boring bar, and having its end like an 
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ordinary lathe "centre," brought down to the tube-plate at the centre 
of the space marked for the hole, and pressed firmly against it by 
means of a lever and weight and suitable connections. A slight 
variation of thia is also found, consisting in the application of a 
spiral spring at the top of the centre spindle, or round the outside 
q{ the pillar of the boring bar, but etUl acting on the centre spindle. 

To these two methods of boring the second and third objections, 
already stated, more particularly apply, but are entirely obviated by 
the USB of the tool I now proceed to describe. 

The part of the machine at the top (see figs. 1 and 2) is 
made round for convenience; it can, however, be made square 
or circular and tapered to suit the vertical spindle to which 
it is to be applied. The three chambers for the reception of 
the central and two side spindles are bored out of the solid 
metaL The spindles or nuns are made of steel, the two side 
ones having a boss for carrying the cutters, and the upper eQda 
of all three being turned down to admit of a cup leather or packing 
ring being put on to keep them water or air-tight. The central spindle 
in its vertical position is always in advance of the side ones, so that 





FiK. 1. 



Fig. a 



a greater space in the chamber is left unoccupied by it than in the 
case of the others. Into this space a sufficient quantity of oil or other 
fluid is put, oil being preferred. The consequence of this arrange- 
ment ia that when the machine is attached to the vertical spindle, and 
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brought down to the tube-plate, the oil at the top of the middle 
chamber is forced upwards and through the small orifices on each 
aide of the chamber, so as to act upon the two side rams and bring 
down the cutters to their work. Indeed, a uniform compenBating 
action between the Bide and central spindles is thua secured. Ths 
feed motion of the drilling machine being now applied, and the 
hole bored through, such is the tension of the side spiral springs, 
that the moment the centre piece which is being cut out gives wa^, 
the two side rams with the cutters are drawn up, and thus the tools 
are prevented at this critical point from being broken. 

A marked feature of the machine is the facility with which the 
cutters may be set and fixed. If it be wanted to bore a 2^ or 
3-inch hole a pair of cutters is put in which are marked for this 
size, and in a few minutes the machine is ready for work; and so 
easy are they of adjustment, that any ordinary labourer can do it. 
The only thing required to be attended to is to put the cutters in 
the rams so that the countersink hole may be opposite the pinching 
pins. 

They can be so made that with each size of machine a variety of 
sizes of cutters can be employed. Thus — 

D size will bore holes of from 3^ up to 3 inches. 
F „ .,3 „ 3| „ 

a „ „ 3J „ 4| „ 




AiA 
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They can, moreover, be manufactured at a very small cost, and 
spare sets being kept in stock, if anything were to go wrong with 
the cutters at work, they could be replaced in a few minutes, thus 
preventing loss of time in keeping the drilling machine waiting 
until broken cutters were renewed. 

In the case of the smaller sizes, such as from } up to 2 inches, 
instead of the two separate cutters shewn in figs. 1 and 2 it is pre- 
ferable to use a cutter made from a single cylindrical piece of steel 
(see figs. 3 and 4) with a hole through it for the passage of the 
spindle. 

I may sum up the advantages of the tool as follows : — 

First, It saves labour ; any ordinary unskilled labourer can work 
with it. 

Second. It produces good workmanship, as the specimens exhibited 
abundantly shew. 

Third, It efiects a gre^i saving of time, more especially in the 
case of large sized holes. 

Fourth. It efiects a saving in power, as it is only an anntUar 
cutting which is made, and not a boring of the circular area of the 
entire hole. 

Fifth. It may be used in boring a series of intersecting holes— 
work which could not be done by an ordinary conical drill, and 
which would be too expensive to be accomplished by forging. 

[Specimens of work done by the tool, including that referred to 
in the sentence preceding, were exhibited to the audience.] 



Discussion on Mr. Dron's Paper. 

Mr. Menzies, one of the licensees of the tool, was called upon by 
the Chairman, and made a few remarks, adverting mainly to the 
fact that it enabled an unskilled workman to produce more perfect 
results than the best skilled mechanic could at present do by means 
of an ordinary drilling machine. 

Mr. Deas spoke very highly of the tool, and expressed his belief 
that the form represented in fig. 3 would speedily come into exten- 
sive use. 

Vol. IX.— No 2. t 
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Mr. J. P. Smith also affirmed his strong belief in its merits. It 
was just snch a thing as was wanted hj engineers, and the feature 
of haying the cutters all made to gauge and ready for use, so that 
a broken or blunt one could at once be replaced, was most important. 
At present much time was often lost in sharpening and replacing 
the ordinary drilling tool, and it was not only the time of the 
workman which had to be considered, but also the time during 
which an expensive machine was kept idle. With such a tool as 
that exhibited by Mr. Dron the time lost in replacing cutters 
would not be one-fourth of what it was at present. 
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III. — Notes of a Tour in Oermany ^ vM special inquiry regarding 
the Provisions for Scientific and Technical Education, By 
James Bryce, M.A., LL.D., F.R.S.E., F.R.G.SS.L. & I. 



[Read before the Society, January 27, 1875.] 



The cities which Dr. Bryce bad visited, with the main purpose of 
seeing their schools, were Hanover, Berlin, and Elberfeld ; and be bad 
chosen these, as one was the capital of the German empire ; another 
once a royal city, and as yet only beginning to engage in manufac- 
tures; while the third has been, for many years, the chief seat of 
manufactures in Prussia, on account of its proximity to the only 
coalfield in the whole of North Germany. Being aware of what 
Mr.* Matthew Arnold, and authors who preceded him, bad pubUsbed 
in regard to education in Germany, and of wbat Mr. Gill, Mr. 
Lyon Playfiair, Mr. David Sandeman, and others^ had written on 
the subject of the provisions for technical education, be had turned 
his attention to another branch of the inquiry, tlie internal organ- 
isation of the schools, and the methods of teaching which were 
pursued in them. As the teaching of science in its bearing on the 
practice of the various arts was the chief object of inquiry, and as he 
had long been himself practically engaged in teaching the mathe- 
matical and physical sciences, he considered that he had a special 
qualification for judging how fi&r the inner working of the German 
system corresponded with what was set forth in the programme of 
those schools, and in the accounts of the branches which are taught, 
in such reports as those above referred to ; what was the character 
of the instruction, how it was adaptied to the end in view, and what 
amount of commendation was to be bestowed upon it — He had 
been most kindly received by the Directors or Piinoipals of the 
schools and the various masters, and the utmost £ftcilitiea had been 
afforded him for testing the quality of the instruotion, by hia being 
permitted to be present while the lessons and lectnres on the vari- 
ona subjects were given. 
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After alluding briefly to the different classes of scliools, be 
described particularly the system pursued at the Beal^chule, or 
'' practical schools/' as they might be called, which he regarded as 
the key-stone of the whole educational system, inasmuch as they kept 
up the standard of education in the schools below them, and were 
an admirable preparation for the schools above them, such as the 
Polytechnic^ the Gymnasium (grammar or classical school), and the 
University. He explained in detail the system of teaching in these 
schools, its high character, its practical tendency, and excellent 
results. The lessons consisted partly of lecture, and partly of 
examination, so that the attention of the students was constantly 
kept up ; the illustrations — by apparatus in the case of physics, and 
by specimens in the case of the natural sciences — were ample and 
excellent. In all the schools the apparatus for physics was extended 
and beautiful, in some of them the most complete and beautiful he 
had seen anywhere. Museums of natural history were attached to, 
he believed, all such schools, certainly all he had seen ; but several of 
them had not proper space to arrange the specimens, and so their 
usefulness was in some respects marred. In Hanover and Elberfeld 
this was in course of being remedied by the erection of new build- 
ings. In all these schools instruction in the theory and practice 
of music was made a subject of importance. In the Polytechnic 
Schools, the lecture in all the large classes was continuous — 
examinations and essays being taken, as in our colleges, at a 
separate hour — ^the more advanced age of the students not requir- 
ing that their powers of attention should have the same stimulus. 
In these schools, in addition to very fine apparatus and a museum, 
there was a collection of tools of all sorts, carefully arranged 
in glazed cases, and labelled. The number of tools, locks, etc., 
of every possible description in the Polytechnic School at Han- 
over was seventeen thousand. There was besides a collection of 
models of all sorts of things employed in the various arts of con- 
struction. He considered the system of the ReaJrBchuU very 
excellent in every way, and well adapted to develop the faculties 
of the pupils. There were Entrance and Leaving Examinations, 
which had a most beneficial influence on the schools above and below 
them, as keeping up a high standard ; while, at the same time, the 
system was not hampered by a strict curriculum — the tastes of the 
pupUs in their predeliction for certain studies being attended to, so 
that there was something in the system suited to every taste. The 
countrymen of Karl Bitter and Alexander von Humboldt had taken 
care that (Geography, mathematical, physical, and descriptive, 
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should receive proper attention as an independent subject of instruc- 
tion ; and, accordingly, it received the same amount of time 
— an hour a day for three days in the week — as any other 
branch, except the mother tongue, and, in some schools, Latin 
and English. Natural history also was taught in every school — 
zoology and mineralogy in winter, botany in the early summer ; all 
these branches unsystematically to the younger classes, but accord- 
ing to the best systems of classification to those more advanced. 
In every case where it was at all possible, specimens were made the 
medium of instruction ; and the pupils were directed, in the case of 
the wild native plants, and those generally cultivated, to bring 
specimens to the class-room for the day's lecture. Ho believed, 
however, that, except in the case of some schools in Dresden, 
the practice of taking the students on excursions — which he 
himself had found most useful and interesting in the case of those 
studying geology and botany, as well as of visits to factories and 
workshops for the students of mechanics — was not much followed in 
the German schools. One admirable feature he found to exist in 
all of them, the Reol-schvle and Polytechnic alike, that in conducting 
examinations as little as possible was said by the teacher, and as 
much as possible of the talk left to the pupil — no bad criterion of 
good teaching. 

Dr. Bryce then described at some length the Polytechnic 
schools, their courses of united instruction intended for all, and 
the detailed special courses for the training of an Architect, an 
Engineer, a Farmer, a Land Surveyor, and a technological Chemist. 
Each of these ran through several complete sessions of nine months 
each ; and embraced a thorough instruction in every branch of 
knowledge in any way related to the practice of the particular 
art. An additional year — for some a fourth, for others a third—- 
was optional, an'd intended for those whose time and strength 
enabled them to climb to still higher heights. These detailed 
courses had a place in the programme of all the Polytechnic 
Schools over the empire ; he need not tell his audience in how few 
towns in this country students could have access to courses at all 
approaching to these, and how imperfect usually were the acquire- 
ments of young men among us entering on the professions which 
he had named. He urged the establishment of such Polytechnic 
Schools in some of the leading towns of Scotland, as Glasgow and 
Dundee; and pointed out the peculiar facilities which Glasgow 
affords in two admirable institutions which she possesses, the 
Andersonian University and the Mechanics Institute (both 
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holding large and valuable propertj), for the foundation of a 
good Polytechnic School, which would tell powerfully in a short 
time on the acquirements and character of the men engaged 
in the varied industries of this great and rapidly increasing 
community. It had always seemed to him doubtful whether in 
the Bace to which we belonged, especially as now placed under the 
harsh physical conditions of its northern home, it was possible that 
originality and invention in design could ever be developed like 
that which marked the races of Greece and Italy placed under sunny 
skies, in lands teeming with beauty. Our ^' gifts of nature,'' and in- 
ventive powers went out in another direction; one more svJtjecUvej 
less under the influence of existing outward conditions, that^ namely, 
of inventions in science and in the mechanical arts, in which we 
were unrivalled. There could be no doubt, however, that educa- 
tion directed to this end would in the course of time do much; and 
he might instance, by way of encouragement, what had been already 
accomplished in the School of Art at South Kensington. He had 
spent some time in examining what was there done, on his way home 
from Germany, in order to compare the work with that of the Ger- 
man Polytechnic Schools; he had been much delighted with all the 
plans and arrangements for the promotion and teaching of Art; and 
nothing he had seen in Gisrmany could be said to surpass, if indeed 
it equalled, what was done in the South Kensington School to 
cherish and to develop the power of original design. 

Dr. Bryce next referred to the magnificent provision made either 
by the Gk>vemment or the municipalities, in some cases by both 
jointly, for the education of girls. It was to be remembered that 
in all parts of Germany, and in all classes of schools, the boys and 
girls were educated separately; the prejudice against mixed schools, 
which Mr. Arnold has shewn to be so rapidly increasing in France 
that they have been lately abolished in many districts, has always 
existed in Germany, though such mixed schools are common in 
Switzerland and some other parts of the Continent. These girls' 
sehools, or TodUerschule, as they are called, aflbrd a course 
of intellectual and religious instruction, very similar to that 
of the Healschule, though in some of the subjects the pupils 
are not carried on so fieur, and other branches are added, suitable 
for girls only. He had examined into the inner working of these 
sdhook in the several cities, and found them admirably conducted. 
The classes for almost all the intellectual and moral subjects 
were taught by men, and of these the great majority, as in the 
case of the sehools aJready mentioned, had had a university education. 
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The teaching he had found not less excellent than in the Heal- 
Bchule and Polytechnic Schools; and the attention, proficiency, and 
enthusiasm of the girls were delightful to witness. Yocal music 
is taught in all these schools; but the numbers who attend are 
so great, fix)m 500 to 700, that it would be impossible to have 
instruments for their use. The singing is simultaneous, the teacher 
giving the pitch by a violin. For young ladies intending to 
become governesses there is an advanced course of one or two 
years, and instruction in the art of teaching. The Director 
or Rector of each of these institutions has constant applications 
from all parts of Europe for family governesses, and consequently 
a very large correspondence. One of these gentlemen who 
presided over the largest and perhaps the most celebrated insti- 
tution of the kind in Germany, had told him that the last place 
he recommended governesses to go to was Great Britain, on account 
of the position they would occupy in a family there; he very much 
preferred to send them to Finland, Bussia, and Sweden, where 
they would not only have larger salaries, but be treated as members 
of the family. He was obliged to endorse the Rector's statement, 
and he felt sure there was. no one among his hearers who would 
feel inclined to question its correctness. 

In conclusion, the lecturer gave a short account of the efforts 
made in Berlin by Miss Archer, an Edinburgh lady, who spoke 
and wrote German like a native, for the improvement of 
female education among the higher classes, whose practice never 
had been to attend public schools; and of the noble work now 
done for this purpose by the Victoria Lyceum, first established 
by, and still under the direction of Miss Archer, who enjoys the 
encouragement and active support of the Crown Princess in all 
her plans for imparting a higher tone to the education of the young 
ladies of the capital. 



272 Philosophical Society of Glasgow. 



IV. — A Method for tlie Interpolaticn and Summation of 
ccU Seriei. By Mr. John Donald, St. Holloz School. 



[Read before the Society, February 10, 1875.] 



If all who have the opportunity of witnessing physical pheno- 
mena, were trained to habits of observation, could make com- 
parisons and record them in a numerical form, and were able to 
reason from the facts known to the facts unknown; we may 
well believe that our knowledge of science would become much 
more extensive and definite, and improvement in our manufactures 
more certain and more rapid. 

But I might paraphrase this statement, and attribute the same 
results to a careful study of series. For it not only enables us to 
interpret facts when properly arranged and expressed numerically ; 
but there is such a fieuscination wrought upon the mind by being so 
exercised, as induces a craving for material upon which to operate, 
and creates eyes, bodily and mental, ready to see relationships 
between conditions and changes, which would otherwise be passed 
by unheeded. Notwithstanding all this, the subject is not gener- 
ally known; and the reasons are not difficult to find. The methods 
are numerous, the reasoning to many appears hard to follow, and 
the formul® or conclusions are easily forgotten. 

I am here to-night to give an outline of a method which requires 
a very slight knowledge of Algebra, which is more general than 
anj method I have seen, and if forgotten is easily reproduced. 

The numbers 1, 4, 9, 16, 25, 36 are six terms of a series. If we 
answer the questions. What is the twenty-third term f What ia the 
sum of twenty-four terms? dec, we shew our knowledge of the 
interpolation and summation of series respectively. 
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Series No. 1. 




No. of Term. 


Series. 


1 . . . 


1 


2 . . . 


4 


3 . . . 


9 


4 . . . 


16 


5 . . . 


25 


6 . . . 


36 



A little consideration shews, that each of the terms grows out of 
the number of its term in the same way. If the number of the 
term be squared, the product is the term opposite. If the letter n 
stand for the number of term, the general term of this series is n\ 

Let us examine a series whose general teim is known. The series 
n' will do welL 





Series No 2. 






1 








8 


7 






27 


19 


12 




64 


37 


18 


6 


125 


61 


24 


6 


216 


91 


30 


6 



If we subtract the first term from the second, the second from 
the third, the third from the fourth, d^c., and place the remainders 
in a column to the right of the series ; and if we go on treating 
each column in a similar fashion, we shall at length find that the 
differences become nothing. Many series are such that their 
differences at length terminate. The number of columns of differ- 
ences always indicates the nature of the series. It can be proved 
that a series whose general term is n^ must have four columns of 
differences; n^ five columns; n', x columns, <kc. But although the 
number of columns shews the power to which n is raised, it gives no 
information as to the exact value of the general term. The general 

terms n', 2n', IS?**, -' j-, &c., would each have three columns of 

differences. 

For the sake of distinction, let us name the numbers 6, 12, 7, 1, 
which begin the columns, the initial differences. If each of the 
terms of series No. 2 be multiplied by 5, we shall find 
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Series No. 


3. 




5 








40 


35 






135 


95 


60 




320 


185 


90 


30 


625 


305 


120 


30 


1080 


455 


150 


30 



that not onlj is ecKh term multiplied bj 5, but the initial differ- 
ences are five times greater, and the general term is also five times 
greater — namely, 5n'. Suppose that the general term of the series 
2, 16/.54, 128, 250, 432 is unknown, it may be found. 



^^^, sv^as 


Series No. 4. 


2 




16 


14 


54 


38 24 


128 


74 36 


250 


122 48 


432 


182 60 



12 
12 
12 

Because there are four initial differences, and the four initial 
differences 6, 12, 7, 1, shew that the general term is n', we have 
only to find how oA)en 6, 12, 7, 1 is contained in 12, 24, 14, 2, in 
order that we may find the general term of Series No. 4. 

6 12 7 1) 12 24 14 2 (2n3 
12 24 14 2 



By writing series with n raised to the respective powers, and 
finding the differences as above, we find the following table : — 











1 = 1 








1 


l=n 






2 


3 


l = n2 




6 


12 


7 


l=w3 


24 


60 


50 


15 


l=n* 


360 


390 


180 


31 


l = n5. 



120 

The above table may be made or enlarged in several ways. In 
its present extent it is serviceable in interpreting series which have 
not a higher power than the fifth. 
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What is the general term of the series 8^ 27, 154, 575^ 1572, 
3523, 6902, <fec. 1 





8eries No. 5. 






8 








27 


19 






154 


127 108 






575 


421 294 


186 




1572 


997 576 


282 


96 


3523 


1951 954 


378 


96 


6902 


3379 1428 


474 


96 



24 60 50 15 1) 96 186 108 19 8 ( 4n« 

96 240 200 60 4 



6 12 7 1 ) -54 -92 -41 4 ( - 9n« 

-54 -108 -63 -9 



2 3 1 ) 16 22 13 ( 8n« 

16 24 8 



11 ) -2 5 (.2n 

-2 2 



1 )7(7 

Let Uh = the general term. 
Then U. = 4n* - 9n« + 8n2 - 2n + 7. 
The sixteenth term would be — 

4xl6*-9x 168 + 8x162-2x16 + 7 = 

262144 - 36864 + 2048 - 32 + 7 = 227303 

What is the general term for the sum of the series 1, 7, 19, 37, 
61, &oA 





Series No. 6. 




1 






7 


6 




19 


12 


6 


37 


18 


6 


61 


24 


6 
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The sum of one term is 1 ; of two terms, 8 ; of three terms, 27, 
Ac, as under — 





Series No. 7. 


1 




8 


7 


27 


19 12 


64 


37 18 


125 


61 24 



6 



In order to find the sum of any number of terms of Series No. 6, 
all that is required is to interpret the initial differences of Series 
No. 7. But the initial differences of No. 7 are the suh-initud differ- 
ences of Seiies No. 6. And this holds true universallj. But 
6 12 7 1 means n'; therefore the general term for the sum is rfi. 

The sum of — 

3 terms = 38=27 
5 terms = '58 = 125 
20 terms = 20» = 8000 

A body falls 16 feet during the first second, 48 feet during the second 
second, 80 feet during the third, 112 feet during the fourth. How 
many feet would it fall during the tenth second, and how manj feet 
would it have fallen altogether in 12 seconds? 



Series I^ 


fo. 8. 


16 




48 


32 


80 


32 


112 


32 



32 16 =32n- 16 =320-16 = 304 feet 
32 48 16 = 16n2 = 16xl2« = 2304 feet 



The top row of a pile of balls has 8 in the length and 5 in the 
breadth ; each row contains 1 more in the length and 1 more in the 
breadth. How many are in the 20th row ; and how many are in the 
20 rows? 
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Series N<T. 9. 




40 






54 


14 




70 


16 


2 


88 


18 


2 



2 14 40 = n2+ir + 28. 

Balls in 20th row = 400 + 220 + 28 = 648 



2 16 54 ^oJ-^^±^^!^±^^ 



^„ . „^ 16000 + 14400 + 4040 ^-,^ 
Balls in 20 rows = ;= = 6740 



If we'attempt to treat the series 1, 16, 108, 512, 2000, 6912, &c. 
as has been done in previous cases, we shall find that the differences 
do not terminate. 





w. 


Series No 


lIO. 




1 

16 




let Degvi 


te. 




15 








108 


92 


77 






512 


404 


312 


235 




2000 


1488 


1084 


772 


537 


6912 


4912 


3424 ! 


2340 


1568 



1031 
But if the initial differences be formed into another series, 





Series No. 


10. 




1 

15 


2nd Degret 


r. 




14 






77 


62 


48 




235 


158 


96 


48 


537 


302 


144 


48 


1031 


494 


192 


48 



we find that the initial differences of the second degree terminate. 

The following is a table for interpreting initial differences of 
degrees other than the first It is formed from the first table by a 
laWy which will appear simple enough after a little consideration. 



278 



PkUotophieal SoeUty of QUugow. 





1 
1 

1 
1 1 


• 


2 1 




2 1 


it 


3 1 


4 


2 1 


8 


6 1 


6 12 


7 1 


8 4 


2 1 


48 48 


14 1 


24 60 £0 


15 1 


16 8 4 


2 1 


384 480 200 


80 1 


6 12 


7 1 


27 9 


3 1 


162 108 


21 1 

1 
1 


6 12 


1 

7 1 


-1 1 


-1 1 


-6 12 


-7 1 


6 12 


7 1 


«» «!» 


X 1 



= 2*-ixl 



= r-ixn 



_2*-i 



xrc 



= 2" •'I 



X n« 



= 2*-ixn* 



= 3"-ixn« 



= 0*-ixl 



= -V-^xn^ 



M 12a^ 7« l=aj*-ixn» 



We now find ihat the general term of Series No. 10 itf 2**^ x fi<« 
We kave already found that the power 3, which aoeompaaiee tJie 
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root w, in the expression 2*""i x n', indicates the nnmber of eolumna 
of differences ; and we now find that the root 2, which accompanies 
the power w - 1, indicates the number of degrees. 

If the initial differences which do not terminate are either a 
geometrical progression, or can be converted into one, the labour is 
very much lessened. 

Series No. 11. 





1st Degree, 


2nd Degree, 


3rc? Degree, 


5 




5 


5 


15 


10 


10 5 


5 


45 


30 20 


20 10 5 


5 


135 


90 60 40 


40 20 10 5 


5 




0th Degree, 


- ]st Degree, 


''2nd Degree, 


5 




5 


5 


20 


15 


25 20 


30 25 


80 


60 45 


125 100 80 


180 150 125 


320 


240 180 135 


625 500 400 320 


1080 900 750 625 



Let B = Katio between a consequent and antecedent. 
D = Number for degree — 1 for first, <fea 
n = Number of term. 
A = First antecedent. 
XJ^ = General term. 
Then U,= (R + D) ^^ x A. 

General term of Series No. 11 as found 



in 1st Degree 

2nd 
''2nd 



99 



» 



= (2 + l)*-ix5 = 3"-ix5. 

1x5. 
1x5. 



(1 + 2) —1x5 = 3* 
(5-2)*-ix6 = 3* 



We learn from the above, that initial differences that form a geo- 
metrical progression may be interpreted in anj degree. 
Find the sum of the series 9, 9, 47, 95, 205, 349, 579. 
The initial differences are found to be 

9 38 -28 80 -160 320 

5-10 20 -40 80 -160 320=-l*-ix5 
4 10 18 12 s2n<-3n>+ 5n 



9 38 -28 80 -160 320 = - l*-ix5 + 2n»-3n« + 6n. 
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What is the general term of the series 11, 4, 9, 16, 25, 36, Ac.? 







Series No. 12. 




11 








1 
f t 


4 


-7 






- • • J 


9 


5 


12 






16 


7 


2 


-10 




25 


9 


2 





10 


36 


11 


2 








10 


-10 10 


-10 


10 - 10 


10 =0' 


1 


3 2 






= w2 



-10 



11 -7 12 -10 10 -10 10 =0*-ixlO-i-w« 

The numbers 4, 12, 29, 59, 114, 223, 445, 894 are terms of a 
series whose initial differences form a circle of three figures. The 
differences never terminate. 



JJL\J^ \JM^\^\. 


/B ««\/ T \/Jk V\rf4 


Series No. 


13. 








4 
















12 


8 














29 


17 


9 












59 


30 


13 


4 










114 


55 


25 


12 




8 






223 


109 


54 ' 


29 




17 


9 




445 


222 


113 


59 




30 


13 


4 


894 


449 


227 


114 




55 


25 


12 



8 

The average of circle 4, 8, 9 is 7. And if the series whose 
initial differences are 7 7 7 7 <S:c., be compared with Series No. 
13 as under 

7 14 28 56 112 224 448 896 
4 12 29 59 114 223 445 894 



-3-2 13 2-1 -3 -2 

we shall find that the differences form a circle of six figures. 
The difference between the Ist, 7th, and 13th terms are the same, 
namely, - 3. The general term is therefore 2 *~* x 7 + the correct 

tion corresponding to r?r) that is, the remainder found bj divid 

ing n by 6. 
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XXV. — On a Self-acting RaUw%y Train Brake. 
By James Steel, Esq. 



[Read before the Society, 24th Feb., 187o.] 



Continuous Brakes have been a desideratum since the projection of 
the railway system. So early, indeed, did the necessity turn up, 
that even old George Stephenson himself tried his hand upon one. 
We are therefore prepared to find that brakes of all kinds have been 
proposed — water brakes, air brakes, steam brakes, electric brakes, 
shaft brakes, chain brakes, and even brakes to throw carriages off 
the line. I can remember, too, that over thirty years ago, when 
engaged as a mechanic in a railway workshop, the subject was one 
of constant discussion, and that wo used to exercise our wits in the 
attempt to create a continuous-brake engine ; for, by the way, it is 
not so much a brake as a brake engine, or brake actuatoVf that we 
want, and have to discuss — that is, an engine to perform the duties 
of the multitude of guards which would need to be employed, were 
the public insisting that railway companies should put a brake on 
every carriage of a train. I shall, however, in the present paper, 
use the simple term brake for the sake of brevity. 

The want of a brake engine has, in this country, been felt more by 
the public than by the railway companies, as custom has not imposed 
upon the latter the practice of having a brake and a brakesman to 
each carrisige, as it has in America and in countries where trains 
have to traverse mountainous districts. In the United States the 
large cars have each an appointed brakesman to act in concert with 
the driver, who gives the signal for action from the whistle of the 
engine. In the Highlands of India and South America, and in the 
Alpine regions of Europe, a guard to each carriage is a necessity for 
the safety of passengers and those engaged in the conducting of 
trains. On the other hand, however, we in this country emploj 

Vol. IX.— No 2. u 
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fewer guards now than was done (so far as my memory serves me) 
in the time of my early railway experiences, and this notwithstand- 
ing the greater speed at which trains travel. I can remember a 
large number of " dickies " being mounted on the fronts of the 
carriages, and I think there were also more of the carriages carrying 
brakes. 

Being an interested party in this matter, it would be somewhat 
ungracious in me to dictate to railway directors how they should 
manage their affairs; but it is not taking a great liberty to say, that 
it would be far from unreasonable in the public to demand that the 
carriages in which they travel should each have a brake attached, 
worked by the hand or such other means as might be found best. 
The locomotive and tender have enough to do with their own 
accumulated momenta, withoiit having it left to them to check the 
momentum of the mass of train surging up behind. To say the 
least of it, it is anomalous that railway companies should pile up a 
Titanic power on their locomotives to urge trains forwards, and 
should at the same time neglect all means of counteracting the 
effect of this power, when it is leading to imminent destruction. 
Think of a locomotive and tender of 300 or 400 horse power, weigh- 
ing 50 or GO tons backed by a train of some 200 tons more, flying 
through space at a velocity of a mile per minute, and carr3dng 600 or 
800 precious lives, with stopping appliances scarcely fit to brake an 
old woman's spinning wheel ! 

Wherever the fault of this state of things may have lain in 
the past, railway directors and officials generally now admit it to 
be a fault, and are, I believe, only waiting for some invention 
which will fulfil the requirements of the Board of Trade. It is 
now known that a train fiilly braked means a train that will stop 
in one-third of the time of the present partially braked trains; 
and when I state that on am indine, or in a bad condition of 
rails, or with both causes in action, a train has often to be braked 
for a mile before it will stop, it is easily seen that a saving of 
two-thirds of a mile in the case of only one of two approaching 
trains means something of importance in the avoidance of colli- 
sions. In fact, so far as collisions are concerned, it is admitted 
by all — except some chronic obstinates — that one collision would 
not take place for ten which now occur, were continuous brakes in 
general use. Of course, I am speaking of direct collisions, which a 
few seconds of time and one or two hundred yards saved by brake 
power would prevent. The Kirtlebridge collision, for instance, 
would have been mitigated, if not altogether obviated, by a con- 
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tinuoos brake and a good brake engine; and yet we have the 
startling fact that the money lost on this one accident would liave 
supplied with efficient brakes the whole of the Caledonian passenger 
plant. 

Among the various special forms of continuous brake which 
have been proposed, I may mention first, Shaft and Cliain Brakes, 
which have been introduced, but have not met with much success. 

Newall's first brake, which may be called a shaft brake, 
appeared five-and-twenty years ago, and was well tried, as was his 
more recent patent, yet neither have taken root. Since then we 
have had Fay's Brake, likewise a shaft brake, which had oppor- 
tunities of being tested practically on at least one Scotch line, and 
yet has disappeared. 

Clark's Brake, too, one of the chain-and-lever sort, has long been 
before the public, favourably looked at, »nd tried ; but has failed to 
be permanently adopted. At present Mr. Webb, Engineer of tlie 
London and North Western Railway, is trying a modification of 
this apparatus as an emergency brake, to be thrown on by guard or 
driver on the appearance of danger. 

Another brake of this kind, the " Heberlein," from Germany, has 
recently had a company formed in this country to promote it, but I 
do not hear much of its progress. 

The application of brakes such as these, with metallic connections 
through a train of carriages, is attended with almost insurmountable 
difficulties. Of these the longitudinal oscillation is the greatest; 
but there are also the curves of the line, the swaying of the 
carriages from side to side, and the jerking geneiully to which 
they are subjected ; and to all these it Ls next to impossible to accom- 
modate machinery. I do not mean to say that the " mechanical " 
brake is exhausted; but I think that even if one be made workable, 
it will be an affair not only complicated, and therefore costly, but 
80 grating and disagreeable in action to people of a nervous tem- 
perament, that it has no chance of being permanently adopted. In 
this opinion I am borne out, not only by the course of invention, 
which of late years has been applied almost entirely to realise the 
" Pneumatic " system, but by writers of admitted authority. I find, 
for example, the Railuxiy Gazette, in 1873, commenting on a pamphlet 
which it holds in high estimation, and which in treating fully the 
question of brake power, advocates the use of the Continuous Brake 
worked by compressed air; and in the Engineer of the 5th instant 
there is copied a long report from a Committee of American Engineers, 
"who have been investigating the subject of brakes, and in doing soj 
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have ignored ** mechanical " brakes altogether, and discussed only 
air brakes. To air brakes I will therefore now turn. 

Some time ago threatenings of prosecution for infringement of 
patents sent me to the Brake Records of the Patent Office to seek 
material for defence. It was a question of "air" brakes, and I 
went back for twenty years to see what could be found ; and was 
astonished to discover, as I daresay many will be astonished to hear, 
that about that time there were air brakes patented, making as 
good continuous brakes as those of the present day, which have 
l)een so much talked of and lauded. Our recemt brake inventors 
have, in fact, been re-patenting the brakes of a former period ; 
and it ^rikes me that, had railway directors been as anxious to 
save the lives of passengers, as they have been intent on competi- 
tion and speculation, the brake problem might long since have been 
solved. 

I found, as a product of 1857, a very good brake by an inventor 
called James Harris, who says in his specilication — " My improve- 
ment consists in working the brakes by compressed air, and is 
effected by having as prime mover an air pump fixed to the frame- 
work of the engine, tender, guard's van, or passenger carriage, and 
worked by crank or eccentric," <kc. The other parts, he says, con- 
sist of cylinders, pistons, and levers applied to the brakes of each 
carriage. The cylinders may be placed on the side, or top, or 
beneath the seats of the carriages, and he proposes to employ air at 
18 lbs, per square inch compressed to half its biUk, Mr. Harris does 
not seem to have been well informed on the question of pressure, 
but he produces a workable brake, some of the points of which 
have been incorporated into recent American inventions. He does 
not, moreover, stand filone in his igaorance or fear of pressure, for 
many engineers and a leading London journal have declared that I 
would fail to work a paltry pressure of 70 lbs. on the square inch. 

Another eminently workable brake was passed into the Patent 
Office by two French gentlemen, called Du Trembley and Martin, 
in July, 1860 ; and, strange to say, this brake is in all its essential pro- 
perties the same as Smith's American vacuum brake, now so highly 
lauded and finding so many admirers — the same as " Smith's " in 
working the vacuum principle, almost the same in its diaphragm 
cylinder, and the same as regards its finding a vacuum by the use 
of an ejector. A moiety of this invention finds its way into one 
American patent, and the remainder is swallowed wholesale into 
another. 

The third air brake of mj series is called M^Innes's Brake, and 
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is dated October, 1860. Tliis brake, which I promoted, is likewise 
a perfectly practicable one, containing some good points, and for the 
first time laying down the idea of the employment of two coupling 
pipes instead of one only, as suggested by preceding brake patentees. 
The proper means of coupling is exceedingly important; and any 
one who has not turned his attention to this subject would be sur- 
prised to find how much the success of a brake depended on it These 
air-pipe couplings (unless you make mere face plates) must be male 
and female in character ; and if you put what occurs most naturally 
in practice — viz., the male part of the coupling to one end of the 
carriage and the female jmrt to the other end — you will see betimes 
two males or two females presenting, and find yourself under the 
necessity of turning the carriages bodily round to- fit the couplings. 
A hermaphrodite coupling is about as ill to conceive as the per- 
petual motion, and the- only solution of the difficulty is to hav<» 
double pipes, so as to have both a. male and female part at the 
ends of each carriage ; when, turn the carriages as you will, the pipes 
will present properly. I consider the dovhle pipe as the key to the 
Pneumatic system, as making connection practicable, and admit- 
ting of the use of the " direct" system of braking, with one pipe and 
the " reaction " system by the other. 

Passing over a space often years with the crudities and commonr 
places patented— for nothing new turns up within that time — we 
come to what may be called the " Brake Agitation " period. Brake 
engineering had been making rapid strides in America, accelerated 
by the necessity of getting rid of human labour for working the 
brakes ; and this, along with the movement of American speculator 
eager to get hold of the British market for the supply of brakes, has 
brought the subject home to us so forcibly that it has become a 
national question. But the brake idea has now taken a new form. 
The " block " system had begun to be introduced on railways, and 
ideas of a '^ block " brake have in consequence taken possession of 
the engineering mind. Within a month of the patenting by Mr. 
Westinghouse of his "direct-action" brake, I find him in the 
Patent Ofl[ice with a "reaction" or "block" brake. Something 
more than a mere train stopper was found to be wanted, and this 
invention was for the purpose of bringing up. a train which might 
have gone off* the line, or whose carriages had gpt dislocated. 
Several inventors, however, as well as-Mr. Westinghouse, spring into 
existence about this time with the "reaction." principle in view. 

Mr. Galloway, an Ayrshire gentleman, patented in 1869 an air 
and spring brake founded on this principle. 
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A Lieutenant Bolitho, of the Prince of Wales' Dragoon Guards, 
patented in 1872 a highly ingenious apparatus; and liad the 
lieutenant been as much of a mechanic as hu is e\ndently an 
engineer, he would have taken precedence of us all; but his machine 
is needlessly cumbrous, has too many parts to keep in order, and he 
has used the reaction system only to take off his brakes, thus missing 
the primary point of value in the system. 

Mr. Stirling, of the Glasgow and South-Western Kail way, in 
1873, patented an air and spring brake, after the manner of Mr. 
Galloway ; and immediately after Mr. Stirling, a Mr. Salmon, of 
London, patented the same principle ; but, in short, the air was 
pregnant with the "reaction" idea, and nothing but a " reaction" 
brake will now be admitted. 

Having thus shewn that in the invention of brakes there has been 
a gradual development going on after the manner of the Darwinian 
processes, I ik>w come to direct attention to one of the most recent 
forms of brake — viz., that with which my own name is associated. 
The illustrations annexed render description almost needless. I may 
say, however, at the outset, that it is a " reaction " brake, and noth- 
ing but a '' reaction " brake. The air required to work the brakes 
is or may be prepared in the same manner as for the "direct- 
action" bi'ake — viz., by donkey, eccentric, or direct pump, wher- 
ever there may be power. In the locomotive shewn in the illus- 
tration, there is a horizontal direct-acting donkey steam engine, 
with air pump attached. Under the footplate of the locomotive is 
placed an air reservoir two or three feet in diameter, and say four 
feet long. From this a pi[>e leads to a reducing valve attached to a 
three-way cock, and the pipe making connection with the carriages 
is seen going round the tender. The air in the reservoir is at a 
pressure equal to that in the boiler of the engine, but by passing it 
through the valve it is reduced to 70 lbs. on the square inch before 
it goes to the carriages. When the lever of the three-way cock is 
upright the compressed air is on the carriages and the brakes off, 
and when the lever is turned down the air escapes from the 
carriages and the brakes go on ; that is to say, the normal condition 
is that of having the compressed air to keep the brakes off, and any- 
thing which disturbs this normal condition puts the brakes on. The 
air gets into and remains in both ends of the carriage cylinders in 
this normal state of things ; in the abnormal state the air is with- 
drawn or escapes from the upper end of the cylinder only, and the 
confined air below, five or six times the bulk of that which escapes 
from above, expands and forces up the piston, the rod of which is 



Mr. Steel oji a Self-aciiMg iZai/irajr Train BnUx. 2$ 7 

eonnected bj pbiin links to a bent lever, and through it puts on the 
brakes. The arms of the lerer are as four to one, but may be in any 
ratio to sqnare with the pressure, size of cylinder, or length of stroke. 
To assist the reducing valve to keep the pressure on the two sides 
of the piston in a working balance, the piston rod is enlarged, in 
order to diminish the piston area below and give predominance to 
the air power above. This enlargement gives some five square 
inches of area, which with the weight of piston rod, links, and lever, 
insures the upper air sending down the piston to take off the brake. 
Of course, when the air is off above, there is plenty of area and 
pressure below to lift the piston and put on the brake. The 
cylinders being outside, the pipes go over the carriages, and the air 
passes all through the upper ends of the cylinders, to which the 
couplings are attached ; and as there is but one action there are no 
valves in connection with the system. The air gets into the lower 
end of the cylinders past the cup leathers, which being in reverse 
offer little resistance to its passage down. A small check- valve, how- 
ever, is likewise patented for this purpose. The couplings are of 
quite a ne^ pattern, attached sideways instead of endways, as is 
usual, and fulfil several important ends. 

To satisfy the railway mind, the brake of the future must act with 
something like human intelligence : it must be capable of giving 
signals of distress ; it must apply itself when it feels a train going 
off the rails; and it must be capable of holding in check any unruly 
carriage wishing to run away. Now, all this my brake can do. 
I claim for it that, as a train stopper, it is as good as any other 
brake; that it, further, gives every fiicility for signalling; that 
it acts on an incline in the case of carriages breaking away; 
and that it acts where a carriage goes off the rails, and will 
stop that caiTiage and every other carriage of the train as well. 
Had it been on the train at Shipton no lives would have been 
lost, as the train could have been stopped twice over, in the time 
which elapsed between the carriages going off the line and going 
over the embankment. In speaking of the Kirtlebridge accident, 
I alluded to the use of a mere train-stopper; in now mentioning 
the case of Shipton, however, I allude to the auiomalic action of the 
brake, which it possesses in common with its ordinary stopping 
jwwer. As for the great accident at Wigan, when the carriages flew 
about like a flock of wild geese, it is clear that had this brake been 
on, the carriages could not have slid far on the ballast of the rail- 
road, my own opinion being that 50 to 100 yards would have 
brought any of them to a stand-still, whereas, unbraked, they ran 
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300 to 400 yards. Lastly, in the event of a dislocation accident, 
like that at the Helmshore incline, fourteen and a half years ago, 
'where eleven persons were killed on the spot and one hundred 
injured, this brake is all sufficient. 



EXPLANATION OF PLATES. 

Plate I.— Locomotive and Tender. 

A. A. A. A., Steam pipe to air-compressing engine. B., Steam cylinder of 
compressing engine. C. , Air cylinder of do. D. D., Air reservoir. E. £. E., 
Three-way cock and pipe from air reservoir to brake cylinder on the tender. 
F., Brake cylinder of tender. G. G. G. G., Reducing valve and pipes connecting 
the reservoir with train, and H., Bracket for attaching flexible tubes from 
tender to carriage?. 

Plate IL 

Fig. 1. A. A. A., Brake cylinders of carriages. B. B., Links connecting piston 
rod with bell crank. C. C. C., Bell cranks. D. D. D., Tension rods connecting 
bell cranks witk brake blocks. E. £. K, Brake Uoeks. F. F. F., Air vessels of 
brake cylinders. G. G. G., Levers for fixing flexible tubes to sides of brake 
cylinders. H., Signal fog horn. J., Bracket for attaching fog horn. K. K., 
Fog horn valve rods. L. L., Brackets, levers, and weights for working fog horn 
valves. M. M. M. M., Main air pipes connecting brake cylinders, a. a, a. a. , 
Bell-pulls, and h. h. b. &., Cords connecting bell-pulls with fog horn levers. 

Fig. 2. A. , Brake cylinder. B., Link connecting piston rod with bell crank. 
D., Triangular tension rod from bell crank to brake blocks. E. R, Brake 
blocks. G. G., Levers for fixing flexible tubes to sides of brake cylinders. 
H. H., Signal fog horns. I., Valve box of fog horn. J., Bracket for attaching 
fog horns to main air pipe, and E., Valve rod for fog horn. 

Plate IIL 

Fig. 3. Plan of carriage frames. C. C, Bell cranks. D. D. D. D., Tension 
rods connecting bell cranks with brake blocks. K E. E. E., Brake blocks, and 
0. 0. 0. 0., Transverse distancing rods betwixt brake blocks. 

Fig. 4. Shewing application of cylinder and air vessel in centre of carriage, 
with rods, &c., for applying brake blocks to wheels. A. A., Brake cylinder. 
B. B., Air vessel. D. D., Long ends of bell cranks. E. E., Triangular tension 
rods connecting bell cranks with brake blocks. F. F., Brake blocks. G. G., 
Brackets for fixing flexible tubes to ends of carriages. H. H. 11. H., Main air 
pipe below carriage frame. I. L, Air pipes to fog horns. J. J., Air pipe to 
brake cylinder. K., A modification of diff'erential air-valve admitting air to 
air vessel. L. L., Stay rods, and M. M. M. M. and N. N., shews the appli- 
cation of the funicular motion for applying the brake blocks. 



I 



] 
1 
1 
i 



r 
C 

V 

I 
r» 
B 

P 
1> 

aj 

CI 






i 






I 

4 



J 



.1 

1 



i; 



\ 



Plate HL 



THE ' 




.t ■■ 




a braice, called tne " Westmghouse 
LC Brake/' by means of which even more was attained than 



Discussion on Mr. Steel's P^^2^er. 289 



Plate IV. 

Figs. 1, 3. Elevation and section of air-compressing engine. A. A., Steam 
cylinder. B. B., Valve chest of do. C. C. C, Piston of da D. D., Piston 
rod for do. and air pomp. £. R, Piston for air pamp. F. F., Body of air 
pump. O. 6., Piston valve for steam cylinder. H., Steam chest for do. 
K. K. K. K., Lever and hand rod for moving piston valve, a. a., Adjusting 
studs for valve, b. c, Cylinder steam ports, d. d. d, d,. Steam ports for 
driving piston valves, e., Eishaust port, g.. Covering plate for valve steam 
port, h, h.f Set screws for regulating steam for driving piston valves, i.. 
Steam pipe, k, h. Holding down bolts, ti?., Lubricator, n. n , Condensed 
steam cocks for cylinders, o. o. o, o., Suction valves for air cylinder, p, p., 
Discharge valves and pipes for do. r. r., Leading air pipe, s., Retention 
valve for do. t t.. Air pipe to reservoir, m., Lubricator for air cylinder. 

Fig. 5. Plan of air pipe above air pump. 

Plate V. 

Fig. 1. Side elevation. 

Fig. 2. Front section of brake cylinder and air vessel A. A., Brake cylinder. 
B. B., Connecting links to bell cranks. C. C, Bell cranks. D. D. E. E., 
Coupling ends for flexible pipes. F. F., Air vessel attached to brake cylinders. 
Ct. G., Levers for fixing couplings to sides of brake cylinder, L. L., Cast-iron 
bracket for bell-crank. C. C. M. M., Air pipe to cylinders. N. O. O., Blow-ofF 
cock and connecting pipe. P. Q., Differential valve and pipe connecting upper 
end of cylinder "with air vessel. R. R., Cylinder bottom. S. S., Packing 
gland and cupi>ed leathers. 

Fig. 7. Section of differentia) valve and pipe leading to air vessel. 



Discussion on Mr. Steel's Paper. 

Dr. J. T. King, the representative in Europe of the Westinghouse 
Air- Brake Company, said that the first pneumatic brake had been 
proposed in the year 1835 in the United States, the next on record 
being that of Mr. James Nasmyth, of steam-hammer celebrity, in 
1844. In 1869 Mr. Westinghouse perfected and put into use his 
air brake, which was now at work on between three and four thou- 
sand locomotives and cars, equivalent to twenty thousand British 
passenger carriages. That brake, he confidently affirmed, did 
everything that Mr. Steel proposed to do, except that it did not 
automatically apply itself in the event of a carriage-coupling 
breaking, or in the event of a carriage leaving the line. But in 
1871 Mr. Westinghouse perfected a brake, called the "Westinghouse 
Automatic Brake," by means of which even more was attained than 



290 Philosophical Society of Glasgow. 

Mr. Steel proposed ; for, in the event of a passenger desiring to have 
the train stopped, he had only to pull a cord and a whistle was 
thereby caused to sound close to the ears of both driver and guards. 
This brake had now been in use for some time on hundreds of 
carriages. The difficulty, which had been alluded to, of keeping the 
stuffing glands tight, was avoided in it by using instead a triple 
valve, which acted with the most perfect certainty. As regards the 
coupling pipe, the Westinghouse brake would also compare favour- 
ably with Mr. Steel's; for, in the case of a carriage-coupling snapping, 
the Westinghouse coupling pipe would simply slip apart without 
hurt, and be ready for use again. 

Mr. M'Gavin said that there were many railway directors into 
whose brains it took a long time to inject any new invention ; but 
there was this to be said in their defence, that so many inventions 
were put before them, that they became of necessity cautious and 
sceptical With such a brake as had been described many accidents 
would be avoided. 

Mr. Day, in answer to Mr. M*Gavin, explained that the air- 
brake did not interfere with the use of the ordinarv brake, either 

t * 

on the tender or behind. 

Mr. Deas said that if the fittings of the brake would bear a 
reasonable working strain, it appeared to him that Mr. Steel had 
really supplied a desideratum. The Westinghouse brake had been 
a long time before the public, and it was surprising that it had not 
been more generally adopted, provided it was the thing wanted. The 
Government, however, ought, in the interest of the travelling public, 
to take up the question of brake power, decide which was the best 
brake, and have it universally adopted. The Philosophical Society 
might do good work in memorialising the Government to appoint a 
Commission for this purpose. 

Dr. Kino handed in a copy of the Proceedings of the Franklin 
TnstibUe, April, 1874, containing an account of the Westinghouse 
Automatic Brake, with experiments by a Committee of that Insti 
tution. 

Mr. Day drew attention to the question of cost, and said that if 
the details of the Westinghouse were compared with those of Mr. 
Steel's brake, any engineer would pronounce that the latter would 
cost much less than the former. 

Dr. Kino, in answer to Mr. Dron, explained more fully than 
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\ the character of the coupling i>ipe in the Weatinghoiiso 
a. 

Steel, in closing the discussion, pointed out that he had 
3d before to state that with his brake not onlj had passengers 
)wer of signalling to the officials in- charge of the train, but 
lad also the power of applying the brake in cases of emergency 
latter frequently of great importance, as was shewn in the case 

Shipton accident. 
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XXVI. — Discussion on Mr. Andrew CrawfovSs Wastt-Fr eventing 

Water-Supply Apparatus. 



[Paj^er* read, 10th March; Discassion held, 14th April, 1875.] 

Mr. James R. Napier said that Mr. Philip Henry Holland Lad 
some years ago proposed a similar plan for saving water and reducing 
the cost of the water fittings; he used very small supply-pipes leading 
through the house into air vessels, with a large three-way delivery 
tap. Mr. Ci*awford*s delivery valve appeared to be novel, as it ^would 
no doubt prove to be effective. If the Corpoi-ation of the City of 
Glasgow were really in earnest in their desire to save water, it was 
surprising that they did not see that the simplest of all means, as 
well as a most effective, was to restrict the quantity of supply 
at the main itself to the amount jmid for, and so make it impossible 
for any one to get more than he was entitled to. If the consumer 
got this quantity, he might surely be allowed bo use it or waste it as 
he pleased. It would be the consumer's interest then, and not the 
Corporation's, to see that his taps and fittings were tight. A trun- 
cated cone, having a diameter of one-tenth of an inch at the main, 
and widening into a pipe of about half an inch diameter, would at 
the ordinary pressure supply the biggest family in Glasgow. The 
greatest quantity which could be run by it would be about one 
gallon per minute. With such a restricted rate of supply, or even 
with a considerably larger rate, the consumer would find himself 
compelled to adopt cisterns of some kind ; and probably tlie most 
economical and best are such close ones as Mr. Holland and Mr. 
Crawford have proposed, where a limited quantity, depending on the 
size, can be drawn off periodically fresh and pure from the main as 
rapidly as may be desired. The saving of one-half or three-fourths 
of the whole water at present supplied to the city, which such a 
system would effect, would greatly reduce its cost to the consumer, 
and far more than pay for the cost of close cisterns with Crawford's 
or other suitable valve. 

In Mr. Crawford's application to water-closets there is absolutely 

* The paper is No. XX. of the prcseut volume. 
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no waste. But until the supply is restricted, or consumers have to 
j>ay for what they use and waste, we are not likely to have cheaper 
water or less waste. 

Mr. M'Adam said that the principal cause of the waste of water in 
Glasgow was the present water-closet system. This had been con- 
clusively proved in the following way, shortly after the system was 
introduced: — The quantity of water flowing through a certain main 
at 2 P.M. was first measured, and then the quantity flowing through 
the same main at 2 a.m. ; and it was found that, instead of the 
flow at the early hour being inconsiderable, it in reality amounted 
to two- thirds of the flow at the other hour. The cause of this was 
ascertained to be defective arrangements connected with the ball- 
cocks of the cisterns in the water-closets ; for many of these cocks 
were actually found out of order ; and by employing a number of 
men to examine and repair them, the waste was appreciably 
diminished. There was little doubt that at the moment of speaking 
several thousands of them in the city were not in good order, and 
that much water was being thereby lost. At present, however, this 
could not be viewed as pure waste, for the supply was plentiful, and 
what escaped doubtless served a good purpose in connection with 
tlie sewage. The level of Loch Katrine had been raised about four 
feet, and they had the power to depress it three feet, so that there 
was a depth of seven feet to work upon. Now, as a matter of fact, 
with all the waste spoken of, the level had never been lowered 
more than eighteen inches. He was glad, however, to see such an 
apparatus as Mr. Crawford had exhibited. 

Councillor John Taylor, jun., mentioned that an experiment 
had recently been made to test the cause of waste in one of the 
suburbs of the city, where there were somewhat over two hundred 
liouses ; the average number of taps in each house being 18j, and 
the average number of inhabitants seven. The quantity of water 
consumed at the first examination was at the rate of 59 gallons per 
head per day. An inspector then went round to examine the taps 
and ball-cocks, many of which were found out of order, and were 
in the course of a fortnight repaired. The consumption was, there- 
upon, ascertained to be reduced to 35 or 36 gallons per head per 
day, and in the course of six weeks or two months it was further 
lowered to 25 gallons per head per day. This went far to shew 
that the best means of preventing waste would be to see that the 
fittings of the plumber-work were in proper order, and that servants 
were strictly cautioned on the subject by the head of each house. 
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Mr. W. R_ W. SxiTH agpKd that th* wnste due to defective 
fittings was l&rge, bat from experieace be despaired of getting this 
re!s>iied. He coald count tAirt^ possible peaces of waste in his 
owa boose. 

Mr. Scott pointed out that another S':>ii7oe of waste was the 
'juite excusable custom which some people had. whose water-closet 
cisterns were connected with the usual water supply, of running off 
evenr morning the whole water of the ciscem. The necessity for 
an apparatus like Mr. Crawford's might come sooner than the 
mere scarcity of water would demand, if the idea were enter- 
taine<l of a limited supply in connection with the treatment of 



sewage*. 



Mr. James Smith said that five years ago, when the water ques- 
tion was so vigorously discussed in Edinburgh, the plan of Mr. 
Xapier was much wiitten about, but for some reason or other was 
not adopted. Were it introduced there would be fewer defective 
fittings, for if the supply were limited it would be every home- 
holder's interest to see that they were in proper order. 

Councillor Drox said that the Corporation were at present 
considenng a scheme for bringing in ixater from the neighbourhood 
of Eii^'lesham at a cost of £360,000 or £380,000. This would cause a 
very heavy demand upon the public purse; whereas if Mr. Crawford's 
water-closet were adopted in Glasgow, they would, without doubt, 
save 25 or 30 per cent, of the water at present being lost. The 
only ]>ossiblc place of waste in Mr. Crawford's apparatus was at 
the india-rubber rings, and these could be renewed at anv time. 
The present style of water-fittings were a disgrace to the plumbers 
of Glasgow, being defective in both workmanship and material. 
The time was coming when the Corporation would i-equire to have 
the workmanship done to a standard, and passed by their own 
engineers. He had seen Mr. Crawford's closet in action in various 
places, and had been highly delighted with all the component parts 
of it. He wished it were introduced not only in Glasgow, but wher- 
ever water-closets were in use. It was to be hoped that the Water 
Commissioners would give it their careful attention. 

Mr. Bromhead entirely dissented from Mr. Dron's view and 
thought that if money was to be spent at all, it should be 8i>ent in 
obtaining a greater supply of water. 
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Dr. Wallace said that as it was preferable to obtain the water 
for kitchen purposes direct from the mains, it would be better to 
restrict the apparatus under discussion to the water-closets. The 
pipes of new houses in Glasgow should, he thought, be so fitted as to 
be prepared for the great pressure of the Loch Katrine water. 

Mr. Crawford, in closing the discussion, said that in regard to 
the cost of cisterns there was a slight misconception, some members 
thinking that the Corporation was expected to be at the necessary 
expense. As a matter of fact, however, every closet was required 
at present to be supplied with a cistern fitted up at the expense of 
the proprietor, and the apparatus shewn was only to be in tlie plact^ 
of those cisterns in new buildings in which this system is adopted. 
If introduced it would do away with the ball-cock, overflow pipes, 
and a great many other fittings, and would curtail the plumber- 
work to a great extent. The price of it was less than the cheapest 
of the contrivances at present in use, being 25s. for a cistern and 
valve for 2 gallons. Contamination of the water needed not to bo 
feared, as it was to a great extent to prevent this that the contrivance 
had been made. No dust could get in, and the vessel itself, being 
made of iron, could not injuriously affect the water. The Com- 
missioners had allowed six of the water-closets to be fitted up about 
six months ago, during the frost; and when others in the locality 
were a great source of annoyance, these had never been touched. 
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XXVIL— On the High AnOquihj of Iron and Steel Bj Mr. 
St. John Vincent Day, Assoc. Inst. C.R, F.R.S.E., &c. 



[Read 'before the Sodety, April 26, 1875.] 



In some previous communicatious to this Society * dealing inik 
questions bearing upon the extremely archaic use of Iron and 
Steel, I ventured to bring together and discussed a variety of 
evidence in proof of the claims for Iron to be considered amongii 
the earliest, if not the very earliest of materials used by tlw 
human race, and that not in more or less recent periods, but 
notably that Iron was largely used in the most distant ages whid^ 
we can with certainty fathom. Those claims the evidence, when 
candidly sifted, clearly asserts to be much stronger than whsl 
the archaeologists had previously held; so strong, indeed, as t» 
negative the popular and too hastily drawn conclusion, that maa 
did not commence to use Iron until after whole millenninms of 
dealing with Bone, Stone, and Bronze. 

The conclusions which I formerly gave expression to as having 
reached, from a re-sifting of the evidence, and also from having had 
further and more direct evidence to discuss, than, so far as I can 
gather, came under review of any of my predecessors in this 
particular field of research, although directly opposed to the 
views up to that time generally accepted, are now admitted by 
Egyptologists and those metallurgists who, having a safe founda- 
tion in the principles of a more or less exact science, have, of 
all persons who have approached questions bearing on the 
metallurgy of the ancients, and not bowing down to any particular 
theory, alone been able to deal with it in the spirit of a thorougii 
understanding of certain essential conditions involved, and hj 
correlating which is it alone possible that the Truth can be 
reached. 

It would take far more time than we have now at our dispoMl 
to deal with this subject in that complete manner which it so well 

* Vide Proceedings, voL viL, p. 476-488, and voL viii., p. 235-268. 
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deserves, still more would it take to deal with all that other 
evidence which has with such surprising rapidity grown together, 
plainly indicating that in the East — whether it be among Semitic, 
Aryan, Hamitic, Sporadic, or AUopfayllian races — the further back 
we reach, by so much do we receive proo& in the most ancient 
times of people endowed with a high practical acquaintance with the 
use of metals, and Iron, in particular, in its various forms of Malleable 
metal, Cast Iron, and Steel, prevailing and holding rule; we find, in 
fact, not a progressive rise in the qualities of materials used by man — 
that is to say, from those which are more or less soft and yielding, 
upwards to those which are necessarily harder and unyielding, still 
less for a time do we find a progressive retrogression; but what 
we in strict reality do reach as the ultimate outcome of our inquiry 
is an age in which a high civilisation, not a civilisation produced by 
culture, indeed, so much as a civilisation duo to natural, innate 
insight, rules — in which, to return once again to our immediate 
subject, all the metals, both noble as well as ignoble, precious stones 
and woods, are all together not only in full employment by the 
men of the time, but the verv names for which are common words 
in all the oldest forms of language, whether in Egyi)t, Babylonia, 
Assyria, India, or even China. (See Table at the end.) The 
theory of a gradual transition by man in the use of substances 
progressively ascending from those which are comparatively soft 
and requiring but little skill to fashion to his necessities, up to 
those which are hard and unyielding and apparently needing a 
higher skill to utilise them, has in fact no foundation in those 
countries w^hich were admittedly the earliest peopled; it is, in short, 
a conclusion which has been evoked in North-West Europe from 
researches for the most part dealing with evidence belonging to the 
Christian Era; and by virtue of those belonging to so comparatively 
recent an age, the inferences drawn are necessarily from a ]>artial 
testimony, and therefore cannot be considered reliable. 

But as is always the case in the pursuit of any subject outside 
the pale of pure mathematics, our first formed conclusions subse- 
quently undergo modification, especially if founded upon what we 
had supposed at the time to be a complete array of facts, but which 
has later on received additions and perhaps correction; so in the pre- 
sent case, I am desirous to acknowledge and to correct some instances, 
not so much perhaps of actually wrong conclusions, but such aa were 
fore-shortened and imperfect, at the same time to adduce further 
evidence which I have since collected, and which clenches as with an 
unyielding grasp, the arguments I formerly ventured to propound. 
Vol. IX.— No. 2. x 
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Yet belbre lajiiig more, and in order to compress vh^t I IkATe warn 
to ftld into the least space, and to make it as casilr applicable to tkt 
former papers as possible, I shall Ibljov. so far as practicable, thr 
order in which the subject was treated of in them, bT Aftali»| 
vith the earliest populated countries first, and then foUoviiig tht 
peopling vave as it spread in other coantries, so far as o«ir know- 
ledge thereof will permit. 

We will first, then, go back to Egypt. 

EGYPT. 

The difficulties in the war of deciding whether Iron 'wsls knovi 
to the Proto-EgTptians — ^to the men who erected in that oountir 
the earliest and most stupendous edifices of any age, and whiek 
they continued to erect, but always in a retrograding order, so frr 
as dimeni»ions and excellence of workmanship are concerned, froa 
the Delta southwards, for about 1600 years — were insuperable, 
until in the first place Colonel Howard Vyse*s flngineers removed 
by blasting from the oldest and largest building there, nar, in 
the entire world rather, the piece of Iron now in the Britiik 
Museum, and which is illustrated by a plate in the serents 
volume of this Society's Proceedings; and in the second place, tbe 
reading of the hieroglyphs became so far advanced, that it oi- 
abled the mention of that metal to be detected in some inscripti<as 
belonging to the third dynasty of Memphis, to which I shall pre- 
sently refer. Since the occasion, when, nearly four years ago, I 
directed the attention of this Society to the existence of this verr 
unique specimen of some primeval Oriental smith's handiwork, 
there have not been wanting those who have raised certain doubts 
respecting it, and these based partly on the difficulty of accountiog 
for a sufficiently actual Egyptian source of Iron ore to produce the 
metal in the quantity in which it must have been required, if it is 
once granted that the early Egyptians knew of Iron or even used 
it at alL I had certainly from the first held this difficulty in full 
view, and never felt satisfied regarding it until ascertaining* the 
existence of Iron in the Egyptian limestone, and the manner in 
which it accumulates in fissures, as set forth in my second paper. 
(Vide Proceedings, voL viii., Dec. 4, 1872.) Yet that answer to 
the difficulty, whilst deemed satisfactory at the time, sinks into 
insignificance when placed against the immensely extended and 
incontrovertible proof since brought to light by Mr. Hartland. 

* From information kindly furnished by the Astronomer-Boyal for ScotUad. 
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It is many years since Mr. Francis Galton found a black-looking 
slag in some exceedingly ancient Sinaitic remains, conjectured to be 
anterior to the time of Moses;* but it is only quite the other day 
that the import of this first step in a discovery received its due 
weight, and was consummated by the further finding of vast Iron- 
works by Mr. Hartland, in the neighbourhood of that part of the 
Sinaitic peninsula which was held in subjugation by the kings of the 
third and fourth dynasties of the old empire reigning at Memphis , 
as proven by the monumental tablets in the Wady Meghara. 

To this discovery I shall presently recur; but before dwelling 
upon it, it is important to shew that the prior discoveries of the 
mention of Iron in some of the earliest hieroglyphic tablets left it 
more or less probable that such allusions or references as are found 
in these lithic writings might at some future time be corroborated 
by the discovery of relics of the actual Egyptian Iron manufacture; 
and on the other hand, the finding of such remains is proof again 
that the hieroglyphic readings, even with the halos of uncertainty 
which in respect of the metals have until quite lately surrounded 
them, and which have been so fully acknowledged by Lep8ius,t 
are, if not precisely so, at least very approximately correct. 

At page 487, vol. vii. of the ProceedingSy I mentioned that the 
oldest known Egyptian word for Iron in one of the dialects was 
-Benipe ; in another dialect tlie initial B is commuted to P, and the 
word becomes Penipe, as I have been since informed by Lepsius. 

On turning to the Dictionary of Hieroglyphs we find, without 
an explanation, however, being given, by which an intelligible 
view of the position may be gathered, all the annexed hieroglyphs, 
with the phonetic values marked for this one substance, in the order 
in which they are here set down. (See Table on next page.) 

Evidently, then, assuming for the moment that the phonetic values 
are correct as given by Dr. Birch, it may be said that Ba is a constant 
in those phonetic values which have been assigned to hieroglyphs 
translated as Iron ; but this is a point leading into the most subtle 
intricacies of the science of language when truly and genuinely fol- 
lowed, the Egyptian ba corresponding, I am strongly inclined to 
believe, to what we find in the x«^««f of Homer, to which an exact 
value is frequently given by the coupling of an adjective, such as 
f •v/^f, red ; mlfayj/^ black, &c. 

* Percy's Metallurgy, Ist edition, page 874. 

t Die Metalle in den jEf/yplischen Ifischcri/ten^ Von C. R. Lepsins, aua den 
Abhandlungen der KSnigL Akademie der Wlasenflchaften zu Berlin, 1872. 
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TABLE. 



FBQsnmc Yalci. Tkamwlaxios 



j.r. 



Ba. Earth, MeUL 



M 


Ba. 


Iron. 


J<k.r. 


Bm. 


Iruiiy £i 


Jii.:!::^ 


fiaaeoepe. 


Iron. 


JD 


Bet. 


Iron. 



Indeed, tbU view has been strengthened from a recent oonversa- 
tion with Dr. Birch, in which he informed me that, agreeing with 
Lepsios, the rendering or phonetic value of the hieroglyphic bjioIk^ 
for Iron is still very uncertain. On November 6th, 1874, 'when at 
the British Museum, Dr. Birch expressed to me his belief tliat the 
first syllable Ba was a general term, signifyiug metal, and a par^ 
cular metal was denoted by the use of prefixes signifying its 
qualities, such as white, black, yellow, &c 

Whilst, then, in the Sahidic dialect, which is said to be the oldest, 
we have the word j^enipe, and in another Egyptian dialect /^enipe 
stands for Iron, or the initial B and P are commutable; this change 
corresponds to what we find in the Hebraic and Cbaldee tongues, 
where in the former we have ^arzel, in the latter ParzeL 

Again, with further reference to the old Egyptian word for " Iron," 
it appears to have been proved, according to another statement by 
the Rev. Basil H. Cooper,* that the sixth successor of Menes, or 
the seventh king of Egypt, bore in the royal oval or cartouche 
containing his name the very word '^Benipe." His name was 
" Mibampes." 

" Nine years ago," says the Rev» Mr. Cooper, " the name of this 
monarch was only known from Manetho and Eratosthenes, in both of 
whose lists of kings it appears in a more or less corrupted form. 

* Antiquity of the Ute of Metals, especiaUy Iron^ among the EgyptianM^ pace 
18. Reprinted from the JVantactiatu of the Dewmhire Asaodatiam for the 
AdtfomeemaU qf Science, &a, 1868. 
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The royal oval or cartouche of this king does not appear in the 
tablet of Kamaky nor on the old tablet of Abjdos, nor has it been 
detected on any isolated monument; but towards the end of 1864, 
when the tablets of Saqquara near ancient Memphis, and the new 
tablet of Abydos were published — the former having been discovered 
by Mariette Bey, and the latter by Herr Dummichen — ^this * Iron 
King's' name was brought to light.'* 

'^ On the tablet of Saqquara, or Memphis, which, like the old tablet 
of Abydos, belongs to the reign of Rameses the Great, say about the 
thirteenth century before the Christian era, the Iron King is actually 
the first of the fifty-six ancestors of Sesostris, whom the tablet 
originally comprised, and nearly all of whose escutcheons are still 
very well preserved. In the new Abydos tablet he stands sixth, 
one king being omitted in the interval, as we learn from the in- 
valuable Hieratic Canon of the Pharaohs preserved in the Turin 
Museum, in which priceless document the discovery of the new 
tablets at once enabled Egyptologists easily to spell out the name, 
which had previously been undecipherable. In all the three hiero- 
glyphical records the name reads distinctly, * Lover of Iron ' — of 
course meaning, ' Lover of the Sword * * — thus attesting not only 
the extreme antiquity of the use of Iron, but unfortunately also of 
that most dreadful evil of all which are the scourges of humanity, 



war." 



But the evidence on behalf of early Iron-working in Egypt does 
not terminate with the mention thereof in the Inscriptions. 

We will now consider the important discoveries of Mr. Hartland, 
already alluded to. In the early part of 1873 Mr. Hartland de- 
scribed to the Society of Antiquaries his visit to Ayiin Miisa (the 
Wells of Moses), by the Red Sea, the Wilderness of Sin, the lonely 
march of three days across the parched desert to the palm-tree 
groves of Wady Gherundel, and the defiles leading to Sinai. Mr. 
Hartland has built a house, in order to carry on his researches, near 
the junction of the Wady Kemeh, the Wady Mukattab, or the 
Written Valley and the Wady Meghara, and having taken some of 

* This may possibly be one and a tme rendering of the title, '* Lover of Iron,** 
but that it is the whole meaning involved under it, I think, may be seriously 
questioned, for we must rememl>er that all art, and especially arcliitecture, or 
the expression in material form or by sculptured symbol of all that was highest 
and deepest in man, could not receive such expression in well dressed and 
accurately finished stone, until the material for furnishing instruments for act- 
ing thereon was acquired; so that it is clear King Mibampes may well have 
been a '* Lover of Iron,'* without necessarily being a warrior. —St. J. V. D. 
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the friendly tribes into h\» par, bas suooeeded in disooTering the 
old turquoise mines of the ancient Egyptians, the rocks thmt ther 
vorked for these stones, and it is said the very tools they used. 
also the places where they ground and polished these 8tone& This, 
however, is incidental, and but leading up to the other disco venr, 
which is of so much importance to the subject of this paper ; for. 
whilst investigating in other directions, Mr. Hartland has oome 
ujMn the remains of Ironworks. These works stand adjacent to 
the mines on some hills, at a place called Surabit-el-Khadur, and 
were constructed on the Catalan system, in the opinion of their 
discoverer. The ore was very imperfectly extracted — slag brought 
over to this country, from the immense heaps that like mountains 
are piled around, contains as mudi as fifty-three per cent, of Iron. 
These works were commenced in very early times; each Pharaoh, 
as he continued them, added a large engraved stone, not unlike our 
tombstones, to state his work.* '''It is to be hoped," remarks the 
author of the paper describing this unique discovery, "that rubbings 
of these stones may be sent to some of our skilled readers of hiero- 
glyphs, since much valuable historical information respecting the 
Egyptian metallurgy may have been by them preserved for our 
enlightenment, and to shew bow little the mind of civilised man hat» 
developed during 3000 years." 

It is further explained by the writer from whom we have quoted 
the preceding passage, that the district where this unique discoTery 
has been made " has remained unexplored, probably on account of 
its being off the beaten track ; and in an unknown country there is 
no temptation to stray, particularly as the guides and dragomen 
discourage any explorations which may add to the risk of the 
journey." 

Besides the ruins of these works and the enormous slag heaps 
near them, there also exist the ruins of a temple and barracks for 
soldiers to protect them. 

Yet what is more remarkable still, as opposing the modem North 
European theory of the succession of Stone, Bronze, and Iron ages, 
is the solid fact that in this temx)le at the Sinaitic Ironworks, Mr. 
Hartland found Flint Arrow-heads, which he has presented to the 
Society of Antiquaries, and which he describes as being the earliest 
known specimens in the world. It is, of course, possible that the 
discovery of Flint Arrow-heads side by side with Iron is a mere 
coincidence, and that the two may be of a different age ; but if a 
mere coincidence, it is not possible, under the circumstances of their 
• Vide Proceedings, Soc Antiq.^ Vol. v., 2nd Scries, June, 1873. 
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being found not buried deep down in the earth, but in or among 
the very ruins of tlie barracks, that they are older than the barracks 
or Ironworks themselves : they may be coeval therewith, but it is 
not impossible, nay, it is extremely probable that they are relics 
belonging to some long subsequent age (in which, as we know to be 
the fact, the Egyptians had retrograded from their lofty initial stan- 
dard of excellence in mechanical art), or that they may belong to some 
inferior foreign race who settled in or swept over the peninsula in a 
later period. The latter view has a strong probability of being true ; 
for, as we learn from Dr. Schliemann*s researches into the mound of 
Hissarlik,* whether that be the veritable site of the Ilion of Homer 
or not, the fact is undoubted, that whatever the ruins there covered 
may be, he finds four cities successively buried and built on one 
another, and in all of them Flimt and Stone implements side by side 
with Copper, Bronze, and oxidised Iron in abundance; and notably 
in the fourth uppermost or most recent stratum, where the Flint 
implements are most abundant, they are there associated with 
what his English editor describes as primitive wooden buildings, 
not found in the lower ruins, where everything, and esi>ecially 
architecture, teems with excellence. With respect to Iron in the 
Hissarlik remains, Schliemann rather significantly remarks — " The 
only objects of Iron which I found," excepting the sling bullets in the 
lower stratum, which have been analysed by M. Damour, " were 
a key of curious shape, and a few arrows and nails close to the 
surface. From Homer, we know that the Trojans also possessed 
Iron as well as the metal which he calls Kvukof^ and which, even in 
antiquity, was translated by x^^^^^ (Steel)." Steel, however, he 
does not appear to have found ; yet Dr. Schliemann adds, " Articles 
of Steel may have existed. I believe positively that they did exist ; 
but they have vanished without leaving a trace of their existence ; 
for, as we know. Iron and Steel become decomposed much more 
readily than Copper" — in respect of all which the editor of the 
English translation, Philip Smith, with a salutary and gratifying 
warning, adds — ''Such facts as these furnish a caution against 
the too hasty application of the theory of the ages of Stone, Bronze, 
and Iron ;" and whilst I have made mention of the Hissarlik finds 
as representing almost, if not quite, a parallel to the association of 
Flint knives with the Sinaitic Ironworks, I have done so with the 
view of fairly interrogating every side of the question, so that 
others may discuss it at once from each point of view ; yet I think 
that the weight of evidence will be allowed as decidedly in favour 
* Troy and Us Bemains. By Dr. Henry SchliemanD. London, 1875. 
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of the conclusion exjiressed bj Mr. Hartland, that the Flmt impl^ 
meuts of the Sinai tic Ironworks are the oldest relics of tke kind vtit 
found ; and in the light of all circumstances inrolTed, the probabQitT 
is. tliat they are as old as the Ironworks also, so that in anv Tiew 
of the case we have Ironworks at least as ancient as the Flint 
Arrowheads, and probably much more ancient. In this oonnezioix, 
I may further remind you that the Abbe Richard has pointed out tl^ 
discovery of Flint implements in Egypt. Mount Sinai, Ga-lgalm^ mnd 
in the tomb of Joshua * at Timnath-Serah in Mount Ephraim* 
from which it would seem almost certain that the Hebrew nee, 
both when in their wanderings in these lands, and after crossing tlie 
Jordan, who we know were familiar with the use of Iron, aiao naed 
implements of Flint ; therefore, as the Sinaitic Ironworks now dis- 
covered lay right in their track, the Flint Arrowheads brought home 

* Paper read before the Britiflh AssodatioD in Edinburgh, 1871^ and in 
respect of which it may prove uaefal to qnote the following from a recent Freoch 
woik. La Terrf, by M. Pozzy: — 

'*'Ce fat an pied da Sioai bibliqne, dit-il, qae je trouvai le lilns grmnd dea 
ateliera de silex qoe j*aie eocore vu, avec lea specimens lea plaa remarquaUfla et 
mrtoat dea pointea de fltehea extrSmement fioea. La plos jolie a ^t6 titwr^ 
daos rOuadi F^ron, an centre m^me dea moDtag:nes ainaiitiqaea. 

** * Vioreot eosnite ploaieiire inatrnmeota trouv^s en Palestine, k Ellnreh, k 
Tib^riade; et eotre le moot Thabor et le lac de Tib^riade, aor nn plateaa ^ev* 
de plus de 250 mHres au-desaas da Jourdaio, dani no champ cnltiv^. Que li^f^^ 
aemblable, qnant k la nature dn silex et i sa fome, A celles de la Somme. 

"'Mais les instromenta qai m^ritent, je peose, la plus grande attention aont 
ceux que j*ai trouvi's siir le bord du Jouniaiu, a Galgal, Ueu oil, d*apr^ la Bible, 
Josue re^ut Tordre de Dieu de circoncire le peuple d'lanuil, et dana le tombcaa 
que la scieuce arch^olo^qne regarde aujonrd'bui comme lo tombeaa de Joane. 
J*ai trouv^ cea instrumeota soit daos le tombeau m^me de Joau^, dana b 
chambre s^pulcrale iot^rieure, soit dans le vestibule, meles A dea d^bria de 
poteries, A de la terre, etc 

** * J'eo ai trouv^ aussi dans le champ qui est devant le tombean et jnaqna 
aous un grand ch^ue vert ^oigD<^ de la tombe de Josu<^ d'eoviron 70 & 80 m^trea; 
ila avaient ^te ainsi di8t><^miD<^8, qtiand on a fotiilli; ct vioH le tombeaa. 

" 'C'est la forme commandment appel^ rrmtraux qui doinine dana ces iostm- 
ments; quclqnes-nns, comme on i>eut s*eo convaincre, sont encore trea-tnioefauits. 
II y a cependent des scies, des pil-ces f»lates et arrondies, etc. La plupart aoat 
da ailex ; il y en a aussi en calcaire blaoch&tre qui semble avoir paaa^ an fen. 

*" J*ai res(>oir, continue M. Tabb^ Richard, que ces iMtnimenU du ttnifbeoM. 
de. JoHui et ccux dont j'ai parM d'abord int<5res8eront les amateurs si nombrenx 
et si ^clair<^s de TarclKfoIogie humaine que TAssociation compte dans aoo acin* 
et en les soumettant & votre appreciation, jo viens vous aftporter uon p»n des 
id^es pr^con^ucs, non pas des th(:orics, mais des faita, de simjiles faita histor- 
iqaea et arch<^ologiqaes. 

** * (Test nn fait historiqne que la fabrication de conteanx de pierre ponr la 
circoocision dea enfanta dlsraSl d Galgal. non loin du Jourdain. C'eat un fait 
historique qae le tombeaa de Josud, ^ev(& uoa loin de Sichem, loogtemiia oubli^ 
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by Mr. Hartland, it is pretty nearly certain that if they belong to a 
later date than the works themselves, are relics of the forty years 
wanderings of the chosen race. 

To return. Far, indeed, is it from my wish to influence an over- 
estimate of the importance of this the latest of Egyptian " finds ;" 
but it seems to me very necessary, indeed, to point out that the 
discoverer, and those who have already written on the discovery, 
place the age of these Ironworks at too low a date, and for this 
reason, that they happen to be in the actual neighbourhood in 
which have been found monuments at least contemporary with 
and by some computed to be older than the oldest of the pyramids 
— certainly as old as the fourth, if not the third dynasty of Memphis. 

oa perdn, a ^t^ retrouv^, et que ses restes ont M ma et decrits par MM. de 
Saulcy, Gu^rio, etc. C^est ud fait historique atte8t6 par la Yeraion autheDtique 
des 8eptaDte qn'un certain nombre de couteaiix de pierre de G algal ont M pro- 
jet^ dans le tombeau de Josu6, au moment de sa sepulture. 

** * M. de Sauluy, dans son Voyage en Palestine, n'avait pas h68it6 & dire, dans 
sa contiance absolue au r^cit des Livres saints, que ces couteaux de pierre 
devaient exister encore dans le tombeau retrouv^ de Josue. Mais Tabb^ Moigno, 
mon illustre ami, dans son journal Us Mondes, avait rappele Taffirmation de M. 
de Sanlcy, et ro'avait vivement press^ d'aller, pendant que j*6tais en Palestine 
chercher ces silex. J'y suis all6 et je les ai trouv^s. 

"* Quant aux conclusions que Ton peut tirer de mes instruments, anx argu- 
ments qu'ils peuvent apporter ou aux objections qu'ils fourniront contre les 
theories miscs en avant par les diverses ^oles anthropologiques on biologiques 
modernes, je les laisse de c6t6. 

** *Si mes silex bistoriques ressemblent A s*y m^prcndre, par leur nature et 
leur forme, aux silex que Ton veut dtre essentiellemeut prihistoriques, je pourrai 
le regrctter, au }K>int de vue des illusions qne cette coincidence peut faire 
^vanouir, mais la vraie science doit accepter les faits. et reconnattre I'identite 
des siiex pr6hi8torique» et des silex hintoriquesJ* 

'*Le 29 du mdme mois, M. Tabb^ Richard pr68entait ses silex ik TAcad^mie 
des sciences de Paris, et dans un compte rendu de cette stance paru au Monileur 
unicerael les m^mes faits ci-dessus relates 6taient reproduits. 

** De CCS faits il r^sulte, comme nous le disions tant6t, que les dges de la pierre^ 
du bronze et du fer n'ont peut loujours iU successifs, maia quelquefois simultania. II 
n'est pas douteux par exemple qu' d Pe}K>qne oti Totiiciue de silex taill6s 6tait eu 
grande activity, au pied du Sinai, Tnsage du fer ^tait depuis longtcmps connu en 
Egjrpte. Quand, au pied de ce Sinai, Dieu menace les enfants d'lsracl, en dis- 
tant : * Si vous ne m'^outez point* je ferai que le ciel sera pour vous comme de 
fer, et votre terre comme d'airain ' (L6v. xxvi. 19), qui )>ent douter que Tusage 
du fer et de I'airain ne fQt connu des Israelites? Quand, apr^ une victorie sur 
les Madianites, Moise dit que 'Tor, Targent, I'airain, le fer, retain, le plomb 
. . . , soint puriti^ par le feu ' (Nomb. xxxi. 22); quand le livre de Josud 
parle des chariots de fer des CananC>eii8 (Josu6 xvii 16), n'est-il pas Evident 
qu*on connais^ait alors tons ces ni6taux ? Quand, vers la meme 6poque, Job 
nous dit * que le fer se tire de la terre' (J«)b xxviii. 2); quand il s'6crie: *Plfit 
A Dieu que mes discours fussent graves avec une toucbe de fer et avec du plomb, 
et qu'ils fussent taill^ sur une pierre de roche 4 per{»6tuit6 ! ' (Job xix. 24) ue 
somuies-nous pas autoris^ A tirer la mbme conclusiou?'* 
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I allude to the celebrated Wady Meghara tablets * of the third 
and fourth dynasties ; whence it may be inferred as most probable 
that we are not £sir off from, if not actually at, the very sonroe of 
the Iron and Steel from which the tools were formed to hew and 
dress the mighty stones of old Egypt's mightiest and oldest monu- 
ments. Nay, and until some one shall prove to the contrary, that 
we have reached the actual forge whereat some primeval smith 
wrought that one alone known relic of pre-historic Iron-'working 
which has descended to us — itself happily preserved in the treasure- 
chest of the Anglo Sax cm nation, the British Museum, and amongst 
all the contents of which there is nothing else which, when followed 
out (if(md is capable of teaching a lesson so real, so contrasting — 
shall we say there is nothing else so trcmically vocal fromi the ages 
of the old world 1 

There are, moreover, other facts which seem to render it certain 
that the foregoing inferences represent the true state of the case, 
and to which I now direct attention. 

No fact is better known than that oft-repeated one, that the 
oldest architectural monuments in the world are the pyramids 
and tombs of Ghizeh. Another fact is equally well kno^wn, that 
the question as to how or by what instruments the not only large 
but intensely hard stones of some of these works were quarried, 
cut, and dressed into shape, with the exquisite finish we find them 
possessing in many cases, even now, has never been solved. There 
are no remains of Ironworks in the neighbourhood of Memphis or 
Ghizeh, nor in any part of Egypt, nor in the Sinaitic peninsula as 
yet discovered, other than those we have already alluded to in the 
neighbourhood of the Wady Meghara. From the tablets in this 
remarkable valley, we find undoubted evidence of a king of the 
third dynasty of Memphis at war with and subduing the inhabi- 
tants in the Eastern frontier of Egypt. His name was Sephuris, 
and in the lists of Manetho he is the eighth king of the third 
dynasty, and the very earliest monarch respecting whom we possess 
contemporary evidence. His name. Fig. 1, occurs in an inscription 

* The cartouches of the same kings are found in the rock tablets of Wady 
Meghara, as well as in the chambers of construction discovered by Colonel 



Howard Vyse in the Great Pyramid— namely, I ^ d^Mi Shofo, and 




temporaucousoess. 



nu-Shofo and this fact is strong evidence of their con> 
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Fig. 1. 



over the doorway of a tomb at Ghizeb, which, the inscription tells us, 

is that of his own son, whose death occurred in the lifetime of his 

father. This same name occurs again on a rock tablet in 

the Wady Meghara, as shewn at Fig. 2, which is a copy 

from Lepsius. Sephuris is here accompanied, says 

Osbum, " by his standard or title, t.c, the great Horus 

{Aroerxs), lord of justice." . . . . " It seems to 

have been a war flag. The rock-inscribed tablet whence 

we have extracted it represents Sephuris holding a 

foreigner by the hair, and in the act of smiting him 

with a club or mace. He is called 'Sephuris, the 

great god, the subduer, conqueror of countries.* Like 

many of his followers, Sephuris was called upon to 

defend the Eastern frontier of Egypt against foreign 

aggression. He first recorded his successes on the rocks 

of this desolate valley, and they have followed his example." • 

Let us observe, that, as belonging to the time before which 
Sephuris had vanquished his Eastern foes, Egypt has not yielded 
a certain trace of a single contemporary monument of any kind ; 
that before his time all is traditional and absolutely devoid of col- 
lateral support, although we believe that it has been thought by 
some that the mention of Aches, the seventh king of the third 
dynasty, in a tomb at lAbooseer, and which Kosellini also found in 
another tomb at Saqquara, render it probable that these may be a 
little older than the reign of Sephuris ; but even allowing this full 
weight, it is trifling and unimportant in comparison with what we 
find occurring at Memphis after the conquests of Sephuris iu 
countries to the east of Egypt. 

The oldest inscriptions are those in the Wady Meghara, in the 
very neighbourhood where the ruins of vast Ironworks have now 
been discovered by Mr. Hartland; and is it surprising, then, or 
rather is it not exactly what we should expect on d priori giounds, 
that there are no inscriptions nor monuments to be found until we 
come to the very time in which and the site whereat the gravers, 
the chisels, and other instruments necessary to the inscribing and 
otherwise working in stone were manufactured, these being even 
depicted on the very oldest tablets (see Figs. 2 and 4 especially), 
and that so soon, immediately, in fact, tliat we find a source for 
such tools, then we find the rock inscriptions and built monuments 
produced by their aid in abundance, extending thence through all 
the active period of Egyptian history ? 

♦ Monumental History cif Egypt, Vol. L, 254-5. 
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"We have to remember, too, that the early colonists of Egypt 
came thither from Mesopotamia, a vast plain of sand, mud, and 
clay, where the buildings were erected of sun-dried bricks, and the 
necessity for Iron was on that account extremely limited as com- 
pared to that of another region wherein nature had provided the 
obdurate rock to be dealt with ; also, that for the first two, and 
probably up to the seventh king of the third dynasty, the Mizraites 
confined themselves more or less closely to tlie banks of the Nile, at 
and about the Delta,* which is also of a Mesopotamian character, so 
that, as in their fatherland, these Mizraites during that period, and 
until they began to penetrate the country or were attacked by war- 
like neighbours, were not likely to feel the want of instruments or 
weapons of Iron, but in all probability continued to construct such 
temples or houses as were raised above the ground-level, of bricks 
dried in the sun and formed of the clayey mud of the Nile, as their 
forefathers had taught them in Shinar. 

After the death of Sephuris the countries to the east of Egypt 
were still maintained under the yoke of the kings of Memphis. 
Accordingly, we find in the "Wady Meghara a succession of rock-cut 
tablets, with the names of their successive Memphite kings, and the 
kings themselves depicted in the act of keeping the people in sub- 
jugation. Reference is now made to Fig. 3, respecting which we 
read — " Like his predecessor Sephuris, Soris had also to defend his 
north-eastern frontier against the desert rangers of Sinai." The 
subjoined tablet. Fig. 3, is inscribed on the barren crags of the 
Wady Meghara. It reads — " [HORUS], the hawk divine and 
great, the mace in all the lands of Monthra,f the subduer of all 
lands." The personage here discoursed of is the prince who holds 
his enemy by the hair, and smites him with the mace. This portion 
of the tablet refers to some military achievement accomplished in this 
neighbourhood by Soris when a prince. The rest of the tablet com- 
memorates Soris as a king. It reads — " The lord of the festivals. 
King of Upper and Lower Egypt, Soris, ever-living." The two 
figures below represent Soris as King of Lower and Upper Egypt — 

* It is, indeed, yet unproved that there were any actual buildings in Egypt 
constructed by native Egyptians until after the first Hyksos Invasion (commonly 
called the Shepherds), when that Shemitic community erected, or rather pre- 
vailed upon the monarch Shufu to erect, under their leader's superintendence, 
at the .apex of the Delta the oldest building of all— the Great Pyramid. There 
was, however, plenty of excavation in the living rock, but nothing of architect 
ture proper that we have yet ascertained. 

t The God of War. 
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t. e. of both banks of the Nile, in token of which dignities he wears 
the red and white portions of the shent. Immediately in front of 
him on a standard is the jackal, the symbol of vigilance. Above 
him are the starry heavens, 8ui>ported by two sceptres, with the 
head of the Hoopoe, the symbol of purity. 

That Soris reigned twenty-nine years, and that he was the 
first of a dynasty of Memphite kings, are the only particulars 
regarding him preserved in the lists. 

Soris was succeeded by Suphis; and Fig. 4, also a rock tablet 
from Wady Meghara, represents him holding his enemy by the hair, 
and about to fell him with the weapon which he holds raised in tlie 
other hand. 

Until the reign of Suphis there is no architectural monument to 
record — we mean in the sense of a built edifice ; but in his reign and 
the co-regent reign of himself and his brother Nu-Shufu, we find 
ourselves suddenly confronted with the Great and Second Pyramids 
of Ghizeh; and whilst the existence of these, apart from any evidence 
of their actual growth from smaller and more imperfect preceding 
examples, has always been as great a puzzle to the inquirer as the 
solution of the question — By what means or tools the w^ork of their 
construction' was eflfected ? I hope, at least, to have helped to clear 
the path of difiiculty by having traced out almost to a certainty that 
Iron tools were supplied frt>m the neighbourhood of Wady Meghara, 
which was held by the Memphite kings at the time the oldest 
monuments were erected ; and the additional circumstance that they 
were held by force of conquest is not only testified by the Meghara 
tablets themselves, but also by the existence of the ruins of a vast 
fortress in the neighbourhood of the Ironworks. 

Since the evidence in favour of an extremely remote use for Iron 
in Egypt has come to light, and bearing in mind that the Greeks 
were acquainted with the manufacture of Steel, as described by 
Aristotle, some persons have even ventured so far as to suppose that 
the find of Col. Howard Vyse*B Engineers may probably be Steel 
also. I must confess that when at first, at the recent Cohgress of 
Orientalists, held last year in London, this was suggested to me by 
Dr. Lepsius, I paid but little heed to it ; but when he especially 
directed my attention to the shape of the relic and its appearance, 
pointing out its being somewhat thick along the middle and tapering 
ofiT as if to an edge on either side, after the manner of a scraper, for 
finishing and finally levelling the outer faces of dressed stone, I be- 
came impressed with the force of that great Egyptologist's suggestion. 

A familiarity with the accepted methods of testing metals 
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naturally suggested to me that the question as to whether the relic 
was of Iron or Steel might, with a close approximation to certainty, 
be tested, by attempting to drill a hole in it, the relic, although much 
oxidised, being still for the most part in the metallic state. The 
conclusions to be drawn from such a test are^ that if the drill easily 
and quickly penetrated the metal, then it must be Iron ; that if, on 
the other hand, it resisted the action of the drill altogether, it was 
hard Steel ; or if the drill peneti*ated but slowly then it was probably 
softer Steel. The writer having explained the proof which such a 
test would afford in ascertaining the character of the relic to Mr. 
Bonomi and Dr. Lepsius, they prevailed on Dr. Birch to consent 
to the writer drilling a hole in it, and in the presence of those 
interested the test was made on the 18th of September 1874, at 
the British Museum. 

Having scraped off a little of the oxide near the thicker part of 
the fragment, the author commenced drilling, and finding that with 
a few rotations the drill easily penetrated the metal, he was at once 
convinced that it was soft Iron; the drilling was continued, but at 
the request of Dr. Birch the hole was not put through the Iron. 
The surfaces of the hole were examined,, and had all the- appearance 
of brightness and whiteness characteristic of newly-cut malleable 
Iron. To record the examination which has now been described, 
the following memorandum was drawn up by Dr. Birch, and signed 
by those who witnessed the test : — 

" British Museum, 18/A September ^ 1874. 

"An examination by drilling of the fragment found near the 
channel of one of the air passages of the Great Pyramid, in the 
excavations undertaken by Colonel Howard Vyse. 

" It was found that the fragment was of Iron, the drilling having 
penetrated it. 



(Signed) 



S. Birch. 
St. John V. Day. 
R. Lepsius. 
Chas. Seaoar. 
J. Bonomi." 



As the conclusive value, however, of a mechanical test may be 
called in question, it seemed desirable, that it should be confirmed 
or negatived by chemical evidence, and it was mentioned to Dr. 

Vol. IX.— No 2. t 
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Birch, that a chemical analysis should also be made. On Dr. 
Birch's suggestion, I have represented to the Trustees of the 
British Museum the importance of knowing the chemical con- 
stitution of the relic, and that body has responded to my repre- 
sentation bj instructing Dr. Flight to analyse it. As yet I have 
not received a report of the analysis, but when I do so I shall hope 
to communicate it to the Society.* 

MESOPOTAMIA. 

In the second paper on this subject read to this Society, I dwelt 
a^ far as was then possible on the use of Iron by the earliest 
inhabitants of that Interamnian plain, watered on one side by 
the Tigris, and on the other side by the Euphrates. Since then 
Mr. George Smith has carried out his excavations into the mounds 
there, and these have been productive in bringing to light several 
specimens of anoient Iron; none of them, however, are older than 
from 800 to 1000 b.c., yet I may be permitted to mention them, 
and in particular to refer to the Ombos of a shield as the most 
exquisite piece of ancient Ironwork I have met with — as a specimen 
of thin hammered Ironwork, I doubt if it can, in some respects, be 
surpassed by the productions of to-day. 

Yet whilst Mesopotamia has not up to the present time produced 
any solid evidence in the form of material Iron relics belonging to 
the oldest monarchies, nevertheless the moniunents of those earliest 
times are numerous, and they yield abundance of testimony to the 
acquaintance of the contemporary people with Iron. 

I am informed by Mr. George Smith that the cuneiform symbol 

for Iron is ^ ^ T — M T — but that its phonetic value or 



pronunciation is not yet determined. It is found in inscriptions 
of all ages, and Mr. Smith says " must have been in use 2000 B.C." 
This, however, he informs me is not an Assyrian word, but one 
distinctly belonging to the ancient Babylonian or Proto-Chaldean 
people who inhabited the lower parts of the plain. There is, in 
fact, no pure Assyrian word for Iron, but this older one appears to 
have been grafted into the more recent Assyrian language. 

In the inscriptions Mr. Smith further informs me that each god 

is mentior ith his sign, and this word ^ ^ f ^ Y 

is the sigi one of the gods of war and hunting, a symbol of his 
particular ^ud-like attributes, a parallel indeed to the symbols we 

* Vide Appendix, page 327t which has been received mnce the reading of 
thispapeffi 
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have found in the cartouche of the Iron King of Egypt, in the third 
dynasty of Memphis. Whilst on the one hand, then, Mr. Smith 
denies the discovery as yet of the phonetic value of this Proto- 
Chaldean symbol, on the other hand it should be mentioned that 
Professor George Rawlinson, of Oxford, has many years since pub- 
lished the word " Hurvd "•as the Chaldean equivalent for Iron, but 

whether he gave this as the phonetic value for 

I have until recently been in doubt. Uncertainty on that question 
is however now removed by the following statement in regard to 
the cuneiform signs, with which I have within the last week been 
favoured by the Rev. George Rawlinson, who, writing from Canter- 
bury, says : — 

"I delayed answering your letter until I could consult my 
brother on the subject, as I was not quite certain with regard to 
one or two points. I am now able to give you the benefit of his 
superior knowledge. 

" There are two signs of metals in Assyrian with respect to which 
there is a doubt, which is Iron and which is Brass (or Bronze rather). 



These are 




and 



> 

> 



the whole inclines to regard 



^ < [as Iron. Tlie former 




I . My brother on 



fits Bronze and 



is nowhere 



rendered phonetically, but the latter y < I is rendered in a 

syllabary as equivalent to humd in Akkadian and eru in Assyrian. 
Mr. George Smith reverses the meanings of the two signs. The 
point is a very doubtful one." 



CHINA 

Let us now then turn from those regions of the Old World, which 
are comparatively near, to those which are easternmost and vastly 
further removed from our ability to investigate. In a former 
paper f I drew attention to the extreme scantiness of our 
information respecting the state of the mechanical arts in China 
in Yery ancient times, but the labours of the Tsinologues in un- 

• Vide Five Qreat Monarchies of the Ancient Eastern World. By Professor 
Rawlinson. London, 1871, voL i, p. G2. 
t Vide Proceedings, voL viiL, p. 24-7. 
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ravelling to the Earopean mind the riches of that store of hi/f^hlj 
archaic literature which China possesses — a secular literature cer- 
tainly as old, in all probability very much older than "what is to 
be met with in any other country, asserted indeed to be at least 
500 years older than the Hebrew Scriptures — ^have at last dispelled 
all doubt on the question, whether in China the use of Iron was 
known in pre-historic times. But this is not all, for in the most 
ancient Chinese writings mention is made of Steel, and Leih-Tze, an 
author who flourished about 400 b.c., describes the process by whidi 
it was made. 
The oldest, and indeed the only Chinese word for Iron is 

^iie: old sound til. 

It is mentioned in the list of articles of tribute — in the Yu Kung 
section of the Shoo King,* Book I., the tribute of Yu. 

The following is the passage in which it occurs. 

" The articles of tribute were musical gem stones, Iroriy silver. 
Steely stones for an*owheads, and sounding stones, with the skins of 
bears, great bears, foxes, and jackals, and articles woven "with their 
hair." ^j^ 

In a note Mr. Legge adds, " by ifSf = ^*^> "^^ *re to 

understand * soft Iron,* and by d^S& ^^ o^ louXy ' hard Iron ' 




or * Steel.' The latter article is often used for ' to cut ' and 
* engrave,' with reference to the hardness of the tools necessary 
for such a purpose. In the time of the Han dynasty, ' Iron 



masters' /^pK I^J were appointed in several districts of the 

old Leang-chou, to superintend the Ironworks. Ts'ae refers to two 
individuals mentioned in the * Historical Records,' one of the 

surname Ch*o f ^S Kjb* ^ , , and the other of the surname Ch'ing 



a 




IvRt*) both of this part of the Empire, who became so wealthy 




by their smelting that they were deemed equal to princes. 

is the white metal or silver." 
^ * See Legge's Chinese Claenca, vol iii., pt i., p 121. Trubner, London 186ft. 
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I am informed by the Rev. Dr. Edkins of Pekin, that with 
the exception of this passage there is probably no distinct allusion 
to Iron in writings older than 1000 b.c. The Book of the Shoo 
King is estimated as having been compiled about 2000 B.C., or at 
a time when in Egypt hieroglyphic tablet-writing flourished, and 
centuries before a Greek nation had begun to sensibly exist. 

The place where the Chinese worked Iron in these most ancient 
times was at Shansi and Chilili, in the Ho district, where there 
are inexhaustible deposits of both Iron ore and coal, where too 
they have continued to work Iron to the present day; indeed 
at the present moment* a Commissioner of Li-hung-chang, the 
Governor-General of Chilili, and now the first minister of the newly 
appointed young King of China, is at present in this country com- 
missioned to take out new appliances and apparatus for establishing 
in China Ironworks on the modem systems of operation. Tsze-ohou 
is the town in or near which these works are to be established, and 
it is 200 miles south-west of Tien-tsin, where the Governor-General 
resides. 

How many ages have rolled by since the Chinese were separated 
from those other families of the human race who spread westwards, 
and therefore away from them in their emigrations from the highlands 
of Asia, it may be impossible to determine ; but now that we are 
able to decipher the Chinese literary records, the fact is proven, 
that about 400 b.c. their celebrated author and philosopher Leih-Tze, 
was acquainted with the native process for making Steel, and indeed 
with the property of tempering it. In the 




* Vide Appendix, p. 322 et «eg., kindly supplied by the Comnusiioner, Mr. 
Jamet Hendenon. 
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or KanghCs DicUonary, published about a.d. 1710, the author, 
quoting firom the writings of Leih-Tze, reports him as saying in 
r^ard to Steel, that " a red blade " (by which I take it is meant 
a reddish coloured blade, red being one of the great variety of tints 
which a clean surfieu^e of Steel acquires in the process of being tem- 
pered) " will cut jade as it would cut mud." That it is the colonr 
of tempering and not the redness of highly heated Steel to which 
Leih-Tze alludes, is erident from the manner in which he mentions 
it in that connexion as capable of cutting jade, a stone of great 
hardness, upon which it is almost imnecessary to add that red hot 
Steel could make no impression. 

Reflecting, then, for a moment upon the long continued isolation 
and stand-still character of the Chinese race, by virtue of "which 
they have not up to this time, like other nations, undergone phases 
of either retrogression or progression, but have remained unmoved 
with an almost if not a quite constant stock of knowledge, tradition, 
and superstition from the eaiiiest times of their settlement, it is 
natural to conclude that if we should find in comparatively later 
times a record of a process for making Steel there practised, to 
thereupon infer that the Steel referred to in the book of the Shoo 
King and in the writings of Leih-Tze,was produced by the same or by 
a very similar process. Accordingly, in the " Pi-tan "or" Pencil Talk" 
it is said that Steel is made in the following manner : " Wrought Iron 
is bent or twisted up, unwrought Iron (i.e., which may mean either 
Cast Iron or Iron ore) is thrown into it. It is covered up with mud 
and subjected to the action of fire, and afterwards to the hammer." 

Making due allowance for the quaintness of the expressions used, 
and perhaps the difficulty which a mind untrained in the techni- 
calities of Iron and Steel manufacture, must of necessity encounter 
in conveying to us fully the exact idea of what the account was 
meant by its writer to express, it is surprising how remarkably 
near to a well-known process for making Steel the above translation 
approaches, namely, that of immersing Wrought Iron either into 
molten Cast Iron, or heating it with Iron ore and fuel, covered over 
with layers of mud or clay, to exclude as much as possible the 
oxidising influence of the external atmosphere, thereby deoxidising 
the Iron ore by contact with excess of carbon, and producing a 
molten carburet, in which the Wrought Iron eventually becomes 
immersed as in a bath. 

I have previously pointed out* that Aristotle describes the Greeks 
to have practised this identical process about 400 B.c. We have 

• Vide Proceedings, vol. viii., p. 244. 
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then the fact of two celebrated authors and philosophers, one in 
China, the other in Greece, wlio flourished simultaneously but 
utterly unknown to each other, describing a similar [method of 
making Steel practised at the same time in each country, — ^these 
countries separated by vast mountain ranges and impassable deserts, 
into the far East and West from the cradle centre of the human 
race, which fact, indeed, seems to me as one of great weight in the 
chain of evidence now being collected, to prove from authentic data 
the original unity of mankind. I have previously pointed out that 
the Greeks obtained their metallurgical knowledge, like almost 
every other knowledge they had, from the Egyptians; but it is 
not easy to mark out the channel by which this old Steel process 
was conveyed to the Allophyllian races of China from either the 
Semitic or Aryan nations located near the shores of the Mediter- 
ranean; indeed, the only way of accounting for the f&ct is by return- 
ing once again to the old doctrine of the original unity of the human 
race, and allowing to each section of mankind the carrying off with 
them that common stock of knowledge which the entire family 
possessed before separation, and of which there is abundant evidence 
on every side that working in the metals, and Iron in particular, 
formed a very important elementw 

The Chinese account of Steel-making at this remote epoch is, 
however, extraordinarily complete in that it describes and names 
the different kinds of Steel which are produced. The Steel produced 
by the first treatment, the Iron-workers call Ball-Steel — twdn Kcmg 
(from its rounded form), or Sprinkled Steel, Kuxm Kang (from the 
pouring of water). There is what is called " False Steel," um tei, 
and the account goes on to say, f When I was sent on official 
business to Tse Chow, and visited the foundries there, I understood 
this for the first time. Iron has Steel within it, as meal contains 
vermicellL Let it be subjected to fire, 100 times or more, it be- 
comes lighter each time. If the firing be continued until the weight 
does not diminish it is Pure Steel." 

In the Pent Saow • it is said " there ^re three kinds of Steel, — 

" lat. That which is produced by the adding of unwrought to 
Wrought Iron, while the mass is subject to the action of fire. 

" 2iid, Pure Iron many times subjected to fire produces Steel. 

" Zrd, Native Steel produced in the south-west at Hai-shan, and 
which is like in appearance to the stone called Tsze-shth-yingy purple 
stone efflorescence. 

* A work of the Mmg Dynasty, and Dr. Edkina informs me that the Pi-tan, 
already quoted, is probably also of that period. 
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** Steel is used for manufacturing swords and knives." 
It is well known that Steel is still manufactured in China, and I 
have endeavoured to ascertain the process now used. This is, how- 
ever, kept secret, and Mr. Henderson, to whom I have previonslj 
referred as Li-hung-Chang's Commissioner, at present in this 
country, explains to me " that the Steel which comes to Tien-tain 
from the upper Yangstee is highly prized, and bears much higher 
prices than the Swedish Steel imported into China.'' 

That the manufacture of Iron in early times must have reached 
considerable proportions is clear from another Chinese work coeval 
with the beginning of the Christian era^ the name of which Dr. 
Edkins has promised to furnish n>e. It states that at that time a 
tax was levied upon Iron to contribute to the State Exchequer. 
Now it is clear that unless the manufacture had been a somewhat 
extensive one, it would not have been woi-th while to levy a tax 
upon it, for otherwise it could not have produced a revenue. 

INDIA. 

With regard to Indian iron manufacture I have, in the first place, 
to correct an error I formerly made * as to the date and place of the 
Iron lAht at Delhi. From all that I could then gather it seemed 
to belong to a period ranging from the first to the fourth century 
of the present era; but since that time Lieutenant Cole's magnificent 
work t on ancient Delhi, of the existence of which I was not then 
aware, indeed it does not appear to have been published at the 
time my paper, which especially referred to the L4ht, was written 
— has come under my notice. 

The Iron column instead of* being situated where I formerly 
stated, is, I now find, in the axis of the colonnade of the Masjid-i- 
Kutb-ul-Islam. 

M. Garcin de Tassy | has translated the Persian account of the 
column written by Syud Ahmed, and has supplemented it with some 
weighty remarks, from which it appears to have been set up by an 
otherwise unknown king, Kajah Dhava, alicu Miclhava, and whilst it 
now seems that the forging was made in the 9th century B.C., or from 
1 100 to 1200 years earlier than I had formerly stated, yet the inscrip> 

• Vide Proceedings^ VoL viiL, p. 251, et seq^ 

+ The Architecture of Ancient Delia, especially the Buildings ar<mnd ihe 
Ku(b Minor, By Henry Hardy Cole, Lieutenant R.EL, late Superintendent of 
the Archaeological Survey of the North- Western Provinces of India. London : 
Published by the Arundel Society, 1872. 

t Les Monuments d^ Architecture de Delhi,— Journal Asiatiques, July, I860. 
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tlon upon it is of mucli later date, M. de Tassy concluding tbe 
inscription to be possibly as late as the third or fourth century of 
the present era, and inscribed therefore by a king long subsequent to 
its originator, who, indeed, we learn from Indian history, died in the 
course of its construction. I have also to add that a cast of this 
remarkable column is now on view at the South Kensington 
Museum ; also, that a piece of the metal has been cut from the pillar, 
and this piece has been both forged and analysed by Dr. Percy, who 
has pronounced it as soft Wrought Iron. 

Whilst speaking of India, I cannot, however, pass over that 
unique collection of archaic Iron and Steel tools which Colonel 
Pearse, It.A., found in excavating some tumuli at Wurrec Gaon, 
near Kamptee, in India, which tumuli are believed to date from 
about 1500 B.C., or the time of Moses; and whilst we have no such 
solid relics of the tools used by the Hebrew race, yet we know from 
words in the Hebrew language that they were well acquainted with 
Iron in all its forms (see the appended Table), and this discovery 
(which, if the date assigned by Colonel Pearse be correct) shews at 
least that the contemporary nations were well acquainted with Iron 
and Steel ; that their language, too, the Sanskrit, in its oldest forms 
has corresponding words for Iron, Iron ores, &c. 

Colonel Pearse has presented his " find " to the Trustees of the 
British Museum, and I lately was fortunate in receiving from 
Colonel Pearse himself a full explanation of the several implements, 
which include gouges, spatulae, ladles, and a variety of other articles. 

The appended Table shews, from the evidence of language, that 
Iron was known amongst the most ancient nations in the very 
earliest times up to which it is possible to trace their existence. 

CONCLUSION. 

Having thus, I fear, seemed to have traversed over too wide an 
area for a single paper to discuss, yet hoping not to have wearied 
you with the details into which I have found it necessary to the 
due exposition of fleu^ts to enter, it will, I think, be conceded that in 
my very humble efforts to peel off some of the scales, the rust with 
which unyielding testimony from the oldest times has been corroded, 
I have at least laid bare a concatenation of facts out of which there 
is no escape from the conclusion that in all the earliest peopled 
countries, whether peopled by Semitic, Hamitic, Aryan, or Allo- 
phyllian races, there is most certain proof that in the remotest ages 
which we can ascertain anything about, the inhabitants were 
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familiar with the use and practical maau£EU3tiire of Iron and Steel; 
that in those countries there is not a tissue of evidence in favour 
of a Bone or Stone age, still less of a Bronze and then an Iron 
age succeeding; that from the evidence adduced, and which indeed 
b being continually supplemented, it is evident the Stone, Bronie, 
and Iron theory must be consigned to the limbo of false ideas and 
exploded notions ! 

I cannot, however, close without expressing my indebtedness for 
invaluable aid in the preparation of this communication to Professor 
George Eawlinson of Oxford, and his brother, Sir Henry Kawlinson; 
to Dr. Birch, and Mr. George Smith, of the British Museum; to the 
Kev. Dr. Edkins, of Pekin; and last, though not least, to that 
prince of Egyptologists, Dr. Lepsius, of Berlin, who indeed has 
placed his valuable researches in my hands, and to which I may 
hope to draw attention on some future occasion. 



APPENDIX. 



CHINESE IRON MANUFACTURE. 

The day following the reading of the foregoing paper, Mr. Day 
was furnished by Mr. Henderson, the Commissioner from Li-hung- 
Chang to this country, with the subjoined " Notes from his Diary " 
during a ramble through Shansi in March 1874, which, containing 
useful information on the subject of the foregoing paper, the Physical 
Section have recommended to be published as an Appendix to Mr. 
Day's paper. 

STEEL. 

Mr. Henderson says : " In formerly writing you, I mentioned 
that Steel is made at or about Hankow, on the Yangstee, which 
still is considered very valuable by the Chinese, and brings a much 
higher price amongst them than the best English or Swedish Steel 
imported. How this Hankow Steel is made, I cannot say. I saw 
no Steel made, but some of the Iron is very fine; and when reheated 
by wood may, no doubt, have some of the properties of Steel." 

IRON. 

Begarding the native methods of making iron, Mr. Henderson 
has succeeded in obtaining much more complete information^ as 
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(x>ntained in the follo'wing, which, to make intelligible to Euro- 
peans, he has prefaced with a table of arithmetical values. 

Chinese Coins and Weights Value. 
One tael of silver is valued at . 
Number of cash in a tael, is 1680, . 

cash 280, . 

cash 140, . 

cash 23.^, . 

In the calculation of silver money, 

10 cash makes one condarin. 
10 condarins one muci. 
10 muci one taeL 

In the weight of coals or other bulky goods — 

100 catties is equal to 1 pecul, 
1 pecul ^, 133^ lbs. avoirdtipois. 

16 peculs '80 catties is equal to 2240 lbs. or 1 ton. 

IRONWORKS 10 TO 13 MILES FROM YANG-CHING SHANSI, CHINA. 

On the northern side of the valley stand the smelting establish- 
ments. There seemed to be eight or ten of them, with immense 
heaps of broken moulds before them. 

Behind the Ironworks are the low hills, containing both the coal 
and the Iron ore. Visited one of the smelting establishments; they 
have been well described by Baron Kichtopen and Dr. Williamson. 
Saw the anthracite coal and the Iron ore. Coals cost at the hills 
behind the works 20 to 25 cash (Id.) per basket of 80 catties 
(107 lbs.),' and never exceed 30 cash. Iron ore, inferior, cost 20 
cash (Id.) per pecul, and for the very best about 50 cash (2d.) per 
pecul (133 lb&) at the mountain. By a pecul our informant meant 
as much as a man could carry. In smelting, 100 peculs of Iron ore, 
if very pure, yields 90 catties of Iron ; if slightly inferior, 85 catties, 
and if common, 80 catties. On a second smelting the Iron loses 10 
per cent., some say 5 per cent., and is then made into pots and pans 
of Cast Iron, but as the goods contain some of the sand, the loss in 
Iron is only about 5 per cent. The third time the Iron is smelted 
it is made into bars. By this time the original 90 catties has come 
to be only 70 catties, or even less, if not very good. To be made into 
other articles it may be smelted four, five, or six times, and in the 
latter case it is fit for needles. 



324 Phiksaphical Socid^f of Glasgoic. 

We saw the open furnaces, in which were 66 cmcibles, and which 
take a day and a half to smelt. The smeltings turn ont irerj 
unequally ; the 66 crucibles may turn out 8 peculs in all, if very 
good ore, and if poor ore only 5 peculs. The produce of the first 
smelting sells at 5 cash per catty, and the Bar Iron of the third 
smelting at 16 cash, at this place. 

Following the bank of the Ching-ho we came by the river side to 
some smelting establishments. At this place they did not smelt 
from the ore, but purchased the Iron after it was smelted at 5 cash 
per catty, and from this they made their pots and pans. Here they 
told us that on smelting a second time for castings, the out-turn was 
only about 70 per cent, of the first smeltings. 

At Zuang-yin-san the owner of the mountain carries his Iron to a 
distance of 30 li (10 miles), and sells it to the manufacturers at 200 
cash for 300 catties, allowing 3^ cash per pecul per li for carriage. 
This would give the value of the ore of the mines as being 33^ cash 
per pecul (Ijd. for 133 lbs.). Kung-san Iron is not so good, 4 
taels weight (or 25 per cent) cannot be got out of a catty. 

At these places the Iron is very soft, and in appearance like coarse- 
grained red sandstone. 

At Su-chuan there is a large smelting establishment, the smelting 
being done in large pits, each holding about 25 peculs of ore. The 
smelting occupies one day, and after smelting it is allowed to remain 
in the pit one day to cool; it comes out in one piece, weighing 
apparently about 6 peculs, and is sold in this state at 5 cash per 
catty. 

They could not tell us how much coal was used to smelt one of 
these masses of Iron. 

The workmen are paid 60 cash per day and food, food consisting 
generally of small millet and a little salt, no vegetables, and may 
cost about 20 cash. 

This Iron is of the same description as we saw at the Chung-ho 
establishment, which loses 30 per cent, on being smelted a second 
tima 

Visited another large establishment, where they made principally 
Bar Iron; at the first smelting the ores give 25 to 30 per cent, of 
Iron. This was smelted a second and a third time for bars, when it 
again lost 20 per cent, the proceeds of the first Iron giving only 80 
per cent. This Bar Iron is said to sell at 20 cash per catty. We 
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saw at this establishment many of the little cops of Iron which 
came out of the crucibles, and they differed greatly in thickness and 
in weight, being from 5 to 8 catties. 

Here we also saw an immense oblong stack of firewood, some 
60 X 20 X 20 feet, for use in smelting where Bar Iron is to be made. 

At Ping-ding- chow, or 7 miles north of it, we entered the first 
smelting establishment we came to. 

They had here in the open furnace 128 crucibles, these crucibles 
being about 4 feet high, and 6 to 7 inches in diameter. Out of these 
128 crucibles they would get about 15 peculs of Iron, equal to about 
40 per cent., to smelt which will take about 10 mule loads of coal — 
i.e., about 20 peculs or H tons; the produce of the first smelting 
sells at 5 cash per catty. 

At the second establishment we were told that out of the coarse 
yellow Iron ore they could^get 40 per cent., and out of the best dark 
ore they could get 60 per cent. They were mixing here the two 
kinds of ore. It was all pounded small before being put into 
crucibles. In the second smelting, if Wrought Iron is to be made 
of it, wood alone is used, thus making it fine and tough ; for the 
third or fourth smelting coal is again used. 

At a third smelting establishment they were making moulds for 
pans. The first smelting here will produce about 60 per cent, from 
the ore, but this contains a great deal of impurity; and upon this 
being smelted a second time, it will again turn out only about 60 
per cent of the first smelting. The contents of 128 crucibles of 
the first smelting are put into 63 crucibles, and these turn out on a 
second smelting enough Iron to make about 50 pans. 

Time required for the first smelting, 2 days; for the second 
smelting, 1 day. 

The Chinese idea of percentage of Iron from the ore is evidently 
a purely imaginary one, for they never weigh the ore. With coal 
and Iron ore both so plentiful and cheap, the Iron is so much per 
donkey load, as much as the animal can carry. 

Some Iron ore we purchased at Ping-ding Chow, shewed, at the 
Koyal School of Mines, London, to contain 50 per cent of Iron. It 
is loose hematite, and contains little or no sulphur. 

INDIA. 

Mr. Henderson at the same time has forwarded the following 
letter from Mr. Bourne, and has Mr. Bourne's sanction to publish 
the same : — 
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James UEVDCKsosTr £sq. 

Mr Dejls Sir, 

I hATe seen the Dative process of m miring Iron 
iu many parta of India, amd it is sabstantiaU v the same in alL A 
f nnuude— of sa j 30 indies internal diameter — ^is bnilt of dajr, breast 
high, and has the pipes of some sort of bellows entering at the bottom: 
vhile the charcoal and the ore, broken into small pieces^ are pnt 
iu at the top. After blowing for some time a hole is opened, 
about halfway up, in the front of the fbmaoe, out of ^rhich a 
large mass of Spongy Iron is taken, and this mass is re-heated 
and hammered into small ingots sharpened at each end, in 'which 
Ktate it is sold. The late Mr. Heath informed me that he has 
seen furnaces in India about three times the height <^ ^e fore- 
going, which fomaces produced Cast Iron, the sole use of -whidi 
wjis to melt with Wrought Iron for the production of Steel,, as is 
now done in the Bessemer process. But these furnaces I never 
myself came across, and they are not common. The wootz is pro- 
duced by melting Wrought Iron in small crucibles, into which 
some twigs and a green leaf from a certain tree are introduoed, 
and the crucibles are then stopped with clay formed into a pyramid, 
over which a dome is built, and heat is applied, when the Wrought 
Iron melts and combining with the charcoal of the green twigs 
forms Steel. Charcoal wiU not do as a substitute for the green 
twigs. The Steel takes the shape of half the crucible, and is of the 
shafie and size ef half an egg. In making the Damascus blades 
each piece of wootz was drawn out into a riband of the proper 
length, and a bundle of these ribands was then welded together. 
This process produces the exact markings to be found on the old 
Damascus blades. 

Kegarding the testimony touching the antiquity of Iron, I may 
mention that shortly after my first visit to India I came across a 
book of Egyptian hierogljrphics and drawings, where one of the objects 
represented was the manufacture of Iron afber precisely the same 
fashion as I had seen it practised in India. If I had not been in 
India I should not have known what 'was intended to be represented ; 
but having seen the mode of procedure in India I recognised it at 
once. I do not now remember what the book was in which I 
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this, or what epoch it was supposed to represent. But this, no 
doubt, could be discovered by any one who knew the Indian mode 
of manufacture, and who was interested in the subject 

I remain, 

Yours very tnilv, 

JOHN BOURNE. 



ANALYSIS OF IRON FROM THE GREAT PYRAMID. 

The following letter to Dr. Birch, Keeper of the Oriental Anti- 
cjuities at the British Museum, describing the chemical constitution 
of the piece of Iron found by Colonel Howard Vyse in the Great 
Pyramid, having been received since the foregoing paper was read, 
Ls here inscribed as descriptive of the character of the oldest pie.ce 
of Iron known. 



Mineral Department, Britisii Miseum, 
V2th May, 1875. 



Dear Dr. Birch, 



The result of my examination of the fragment 
of Iron (INo. 3453) from the air-passage of the Great Pyramid, goes 
to shew that k is not of meteoric origin. It contains, it is true, a 
trace of Nickel, but it is only a trace. It is, in fact, by no means 
an uncommon occurrence for a trace of that metal to be met with 
in manufactured Iron, derived from its various ores; and several 
analysts have detected the presence of Nickel oxide in the ores 
likewise. According to Pattison {Brit, Assoc. Rep,, 1864, p. 49) the 
Cleveland Ironstone contains in 1 lb. of ore 0*72 grain of Nickel and 
0*12 grain of Cobalt. O. L. Erdmann {Jowr.^Frakt. Chem,, xcvii. 
120) states that he has many times found traces of Cobalt (the 
alter ipse of Nickel and constant associate of Nickel in meteoric 
Iron) in Iron ores, and still more frequently in samples of com- 
mercial Iron. It should be stated, by the way, that the presence 
of a trace of Cobalt is more readily recognised than the same 
amount of Nickel would be. C. O. Brann {Zeii, Annl, Chem., v. 226) 
mentions the fact that in many analyses of Iron which have been 
carried out in the Wiesbaden laboratory, the presence of Nickel 
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and Cobalt has been recognised. G. Lippert {ZeiL Annl. Chem,^ iL 
41) found in the Spiegeleisen, obtained from the Spathic Iron 
ore of Stahlberg, near Musen, 0*016 per cent, of Nickel and a trace 
of Cobalt. 

The fragment of Egyptian Iron contains combined carbon, an 
occuiTcnce of great rarity in meteoric Iron. The locksmith who 
removed it from the specimen tells me that under the saw it 
behaves like Wrought Iron, and I find its magnetic character to 
acconl with Wrought Iron rather than with Steel. 

Believe me, Dear Dr. Bircli, 

Yours very truly, 

(Signed) WALTER FLIGHT. 
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EKRATA IN THE ACCOMPANYING TABLE. 



In the Hebrew Phonetic Values for Xdoshvotfty read "(jai^hootf^; 
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XXVIII. — The Ageing of Whisky and other Spirits, 
By Dr. William Wallace, F.R.S.E., F.C.S. 



[Read before the Society, April 28, 1875.] 



Dr. Wallace described the process patented by Mr. E. W. Phibbs 
for treating alcoholic liquids, whereby the effects of i^e are conferred 
by subjecting the spirits to the action of heat. In practice the spirits 
are usually maintained at a temperature of about 270° Fah. for two 
or three hours. By the kindness of Mr. Napier Smith, Dr. Wallace 
was enabled to exhibit a working model of the apparatus, capable of 
containing about three gallons of spirits, and also samples of whisky 
before and after treatment. 

Mr. James B. Napier said that Pasteur has stated that new wine 
contained in close vessels, free from, the contact of the air, does not 
deposit, does not change colour, does not take bouquet; and that 
tlie same wine submitted to the influence of the oxygen of the air 
deposits considerably, even to becoming muddy; that it loses entirely 
the character of new wine, and that its colour becomes that of a 
wine 10 or 20 years old; that it also, us is well known, becomes sour 
in time, but that by heating it to between 140° and 150** Fah., or 
even less, the quality of the wine is not injured but improved, and 
it acquires an extraordinary resistance to all kinds of maladies, and 
becomes old wine in a few weeks ; that the parasites in the wine 
itself are destroyed at these temperatures. 



XXIX. — The Germ Theory of Putrefaction, By Dr. Wiluam 

Wallace, F.R.S.R, F.O.S. 



[Read before the Society, April 28, 1875.] 



Dr. Wallace mentioned a striking illustration of the germ theory 
of putrefaction in Fryer's patented process for the preservation of 
Vol. IX.— No. 2. z 



meat. Hixhcito die sole aim in preserring meaiB in tins wms to 
get rid Q^ every tnee of oxrgen, mnd Dr. WaDaee described ihit 
Tarir/os medkods bj vhidi tliis was afioomplished. Fryer a p r ocea a 
cfmasiB in simply inclosing the meat in tina» soldering them np 
without any attempt to expel or absorb the oxygen oC the air, and 
exposing them for sofEcient length of time to the action of heat to 
oool^ the meat. The germs constantly floating about in the mir are at 
the same time destroyed, and the meat keeps fresh for any length of 
time. Dr. Wallace exhibited, by the kindness of Mr. Xapier Smith, 
two tins of meat prepared three years ago in Sew Zeidand; one of 
these was opened and Iband to be perfectly fresh. 



XXX. — Fradured Rivets from a Sieam-BaUer, 
By James K. Kapieb, F.B.a 



[Bald belofe Oe Society, April 2S, 1875.] 



Some leaks having lately been observed at the heads of the riveti 
of a cylindrical boiler working at an absolute pressure of about 70 
lbs. per square inch, an attempt was made to stop them by reham- 
mering the rivets. It was then found that the heads dropped off, 
and in the act of hammering up the new rivets the heads of others 
dropped off, and so it happened to about a dozen rivets. 

[In the specimens of fractured rivets exhibited some were frac- 
tured all round, but still attached at the head made by the riveting 
machine, and others fractured all round at bat or creased head put 
on by the riveters ; others were fr*actured nearly through close to 
the machine-made head, and only held fr'om dropping off by a small 
lune, while others shewed the same fracture at the riveters* head.] 

I have no opinion to offer as to the quality of the iron, except 
that it is very unsuitable for hot riveting, and would be very un- 
happy were I owner of such a boiler, until every rivet in it was 
examined, or the boiler proved to be capable of resisting at least 
twice its working pressure. 
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XXXI.— On a Mtthod of S-^nning Top*. 
By J-AMxa R. Napibr, F.R.S. 



IBMd before the Sodetj, April 38, 187fi.] 



Upwards of twe&tjr years agfl, I bougltt for take of mf children th.e 
biggest hummiikg top I could find. It vaa about 6 iucbeB diameter, 
but the child could act spin it. I removed the handle, cut a notch 
on the end of the axis, and put the middle of the eord in the nottdi.; 
then laid the two parts parallelly round the stem, like a double- 
tlireaded screw-bolt, and when a suffieient quantity of cord was 
wound, secured one «t the parts in each hand, and palled both 
vigorously, holding the top as vertieally as possible. It dropped 
on the floor, spinning beautifully, and the child could sjdn it. 




[A number of tops of various sises wece rihewo ^inamg oa the 
Uble.] 
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Oe Camieal FSier of Gtmieti Cmpmtiiy for a gmm SU 
HtigfU or Radim of FiUer Foftr. Bj Jaxis R. XAPmu F.Ka 



{?Jtmi beiDre tiie Soeietj, April 28^ 1875.] 



Hatixg reeentl j bad oocaskm to filter a quantitj of oil mud ml 
wine throng P^P^*** ^ o cc ur red to me thmt the ordinmiy method 
forming the filter bj finding the paper into four sectors of ninei 
degrees emch was erroneous; thmt m filter, to contain m gremt 
qomntttj with more filtering snrfiice, conld be made with the 



The problem is eaalj solved br the well-know 
differential calculus. The result gives a cone whose 

Radius of base = slant hdght x ^/| ; 

or radius of base of cone =ahout \ radius of paper. 

In the oidinaij filter onl j half the paper is ava 
form four-fifths of it is availablcL 



rules of tJ 



XL — SiAt <^ EzperimaUt wUk GvnmlM 
Bj Mr. Wiluam Fouus. 



[Bead before the Sodehr, April 2S, 1875.] 



GikouD^s Rheometer is an mpparmtus for mmintmining a onifor 
rmte of combustion of gas at all pressures. It consists of a ligl 
metallic bell, floating base downwards in a chamber partly fillc 
with gljcerineL The gas from the main enters the bell and escape 
by m small hole in its roof The rise or fall of the bell, as the pre 
sure of gas rises or (mils, reduces or enlarges the opening from tl 
glycerine chmmber to the jet, by means of a small cone on centre < 
roof of bell ; thus, the difference of pressure between the thilit^ an 
the jet is expected to remmin constmnt — equal, in fact, to the weigl 
of the bell per unit of area of its 
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The following experiments made by me shew how nearly this 
has been realised : — 



PEB88UBR OF Ga8 IN JfAItr. (IXCHBfl OP 
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N,B. — The larger figures in the colnmiui indicate the rate qf oovUnutUm in 

cubic feet per hour. 
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MINUTES OF SESSION. 



4, 1874. 

Thx PhiltMoplkicml Sodetj of Glasgow met this ereniiig in the 
Wasi Hall of tke Gorponlioa GalleruB^ Profonor Grant, IX.D., 
the President, in the Chair. 

Letters were read bj the Secretarj from the five new Honormrr 
Members, a^newledging their election, vi^ *. — 

Lewis Dunbar Brodie Gordon, Esc}., C.K, F.RS.K, F.C.S., Lon- 
don ; Robert Lewis John Elloy, Esq., F.ILA.S., Yictorin ; Pro&Bor 
Andrew C. Ramsaj, LL.D., F.R.S., London; Dr. Joseph Dmlton 
Hooker, F.Ra, London; Dr. K. Angus Smith, F.R&, F.C.S., 
Manchester. 

Mr. James Hislop, Gas Manager, Maryhill Gas Works, was 
elected a member of the Soeiet7,haTing been proposed at thedoaing 
meeting of last Session. 

Mr. George Watson and Mr. Peter W. Dixon were appointed 
anditoTS of the Treasurer's Accoant& 

The President delivered an Opening Address, taking for his sub- 
ject the recent progress ef Astronomical Science. 

On the moti<m of Mr. David Markinlay, the thanks of the Society 
were voted to Dr. Grant for his address. 

Mr. James Thomson, F.G.S., read a paper in continuation of the 
results of his invest^tions into the Corals of the Mountain Lime- 
stone of Scotland ; with a description of a new genus of Corals from 
Thirdpart, near Beith, Ayrshire. 

Mr. Wiinsch and Mr. John Young, of the Hunterian Museum, 
bore testimony to the great importance of Mr. Thomson's investi- 
gations. 

On the motion of Mr. John Mayer, it was remitted to the Council 
to prepare a minute on the death of Dr. Thomas Anderson, the Inte 
Professor of Chemistry in the University of Glasgow, and for 
several years an Office-bearer of this Society ; and to transmit to 
Mrs. Anderson an expression of sympathy in her bereavement. 

Mr. Mayer suggested that a Committee should be appointed to 
take some definite action in connection with the Mitchell Bequest 
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to this city. He thought it very desirable to ascertain whether a 
Museum could be established along with the Library. 

The subject was discussed by Dr. Fergus, Mr. James Thomson, 
Mr. J. C. Burns, and Mr. N. Dunlop, and it was remitted to the 
Ck>uncil to take whatever steps might be deemed necessary in the 
matter. 



Novemherl8^lS74t. 



The Seventy4hird Annual Meeting of the Philosophical Society 
of Glasgow, for the Election of Office-bearers and other business, was 
held this evening in the West Hall of the Upper Corporation 
Galleries, Professor Grant, LL.D., the President, in the Chair. 

The Minutes of last meeting having been read and improved of, 
the following notice, by the Council, of the death oi Dr: Thomas 
Anderson was read and approved of : — 

'' The Council of the Philosophical Society ha^e heard with sorrow 
of the death, at Chiswick,.on November 2, of their former Associate, 
Dr. Thomas Anderson, late Professor of Chemistry in the University 
of Glasgow. Dr. Anderson became a. Member of this Society in 
1852 ; he was elected a Member of Council in 1854 ; was appoiuted 
to the office of Librarian in 1856 ; for a few years he edited the 
printed Proceedings of the Society; in 185^ he was elected Presi- 
dent; from 1862. to 1868 was a Member of Council, and was sub- 
sequently President of the Chemical Section. He conducted for 
many years a series of original chemical researches — the results of 
which were recorded in numerous Papers published in the PhUo- 
sophical Transactions^ whilst in the Transactions of the Highland and 
AgricvMural Society of Scotland, of which Institution he was the 
Chemist, he gave to the world another important series of Papers 
on the Application of Chemistry to Agriculture. The scientific 
investigations in which he was so long, and honourably engaged, 
apart from the laborious avocations of his Professorial Chair, were 
unhappily arrested some years ago by tJie failure of his health; and 
now death has closed hia useful career at the comparatively early 
age of fifty-five. With many tender recollections, of his amiability 
of character and disposition, and of the pleasant intercourse they 
maintained with him during hia connection with, this Society, to 
which he rendered much willing service, his former associates lament 
his loss as that of an old and tried friend ; and resolve to communi- 
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cate to Mrs. Anderson and her family an expression of sincere 
sympathy in the mournful bereavement they have sustained." 
The following were elected members of the Society, viz. : — 
Mr. John Clapperton, Manufacturer, 5 Sandyford Place; Mr. 
William G. Taylor, Jun., Jeweller, Gartmore Villa, Battlefield, 
Langside; Mr. Thomas Muir, M.A., F.R.S.K, High School, Glas- 
gow; Mr. James Pamie, 26 Lynedoch Street; Mr. John Brown, 
Manager to Messrs. Thomson & Co., Patent Agents, 62 Buchanan 
Street ; Mr. John Spencer, Merchant, 2 Rosslyn Terrace, Dowan- 
hill; Mr. Thomas Short, 4 Kelvingrove Street; Mr. Colin B. 
Fairlie, C.E., 67 Renfield Street. 

The Secretary read the Council's Report on the State of the 
Society, which was approved of 

Report op the Council on the State of the Society. 

1. State of the Membership. — At the beginning of Session 1873-74, 
the number of members on the roll was 570. In the course of the 
Session 49 new members were admitted, making in all 619 — of whom 
11 resigned, 8 left Glasgow, their names being placed on the sus- 
pense list, and 9 died — reducing the total by 28, and leaving on the 
roll 591. Of the whole number, only one member is in arrears of 
annual subscription for two years, and four members are in arrears 
for one year. 

At the meeting in April 15, the Society added to its list of 
Honorary Members the names of Lewis Dunbar Brodie Gordon, 
Esq., London ; Robert Lewis John Ellery, Esq., Victoria ; Professor 
Andrew Crombio Ramsay, London ; Dr. Joseph Dalton Hooker, 
London ; and Dr. R. Angus Smith, Manchester. 

2. yew Section. — A Section of Physics, including Mechanics and 
Engineering, was foimed at the close of last Session. 

3. The Proceedings. — The printed Proceedings of last Session form 
the first number of the ninth volume, and, including the Minutes of 
the Society's meetings, list of Books added to the Library, and list 
of members of the Society, extend to 152 pages. The following 
Papers are contained in the number, viz.: — "On some Indications 
of a Daily Periodicity in the Vital Functions of Man," by Dr. 
James Finlayson. A lecture delivered before the Society (by an 
arrangement with the Chemical Section), " On Water Supply," by 
Dr. Stevenson Macadam, Edinburgh. "On the Economical Com- 
bustion of Coal Gas," by Dr. Wallace. " On the Economy of Fuel 
in Domestic Arrangements," by Mr. James R. Napier; who also 
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contributed a paper " On the Cubic Space and on the Volume of 
Air necessary for ensuring the Salubrity of Inhabited Plxces/' and 
a third, " On the Effect of Loch Katrine Water on Galvanised 
Iron." Dr. Thorpe delivered an experimental lecture "On the 
Measurement of the Chemical Action of Sunlight/* an abstract of 
which is printed in the Proceedings, Professor Sir William Thom- 
son, LL.D., made a communication " On DeepSea Sounding by 
PianoForte Wire." 

From the Chemical Section the Society received a paper by 
Professor Gustav Bischof " On the Analysis and Purification of 
Water," and another by Mr. J. J. Coleman, " On the Methods in 
Use for determining the Value of Animal and Vegetable Oils." 

The discussions which followed the reading ot most of the papers 
are reported in the Proceedings. 

Ajnongst the unprinted proceedings of last Session are the address 
of Professor Grant, the President, at the opening of the Session ; a 
communication on the same evening by Mr. James Thomson, F.G.S., 
"On the results of his investigations into the Corals of the Mountain 
Limestone;" a discussion, which lasted two nights, on " The Sewage 
Question," introduced, at the request of the Committee on Papers, 
by Dr. Fergus ; a lecture by Professor James Thomson, LL.D., "On 
the Gaseous, the Liquid, and the Solid States of Matter ;" a com- 
munication by Professor Sir William Thomson, LL.D., "On Im- 
provements in the Mariner's Compass ;" a description by Professor 
Grant of Croudace's " Stellar Azimuth Dumb Compass ;" a descrip- 
tion of his " Patent Electric Fire Alarm," and his " Patent Sewage 
Filter," by Mr. Symington ; and a communication " On some recent 
Classifications of the Elements,** by Mr. John Ferguson, University 
Chemical Laboratory, and since appointed Professor of Chemistry in 
the University of Glasgow. 

Mr. Day read the Library Committee's Report on the Library, 
which was approved of. 

Library Committee's Report. 

With respect to the state of the Library, the Library Committee 
have to report the purchase, during the Session 1873-74, of thirty- 
two volumes and six pamphlets, making the additions to the Library, 
in respect of purchase, thirty-eight since the date of last Report. 

In the same period the Library has received two hundred and 
twelve donations, consisting of sixty-eight volumes, forty pamphlets, 
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and one hundred and fonr parta. In this list of dooationfl is included 
one consisting of a large number of books and pamphlets which 
belonged to the late Professor Rankiney presented to the Society 
through Mr. J. R. Napier from the Professor's executrix. 

Thirty-nine British and foreign periodicals are received at the 
Library. 

Altogether, the Library has had two hundred and eighty additions 
during the Session. 

The binding of books and periodicals is regularly kept up, one 
hundred and twenty-nine volumes being bound and in coarse of 
binding during the year. 

The Society exchanges publications with seventy-six different 
Societies and individuals, shewing an increase of two since last 
Report 

With reference to the purchase of new books, it is hoped that 
during the coming Session these will be more numerous, especially 
in view of the prospect of several works on important subjects in 
which this Society is interested being already announced as in the 
press ; but to enable the Library Committee to meet the wishes of 
the members as far as possible, the Committee urge upon the membeis 
to aid them with suggestions and recommendations. 

Appended to this Report is a list of books bought, donations, and 
periodicals received during the Session. 

• 

The Treasurer's Statement of Accounts for Session 1873-74 
having been printed in the Circular calling the meeting, was held 
as read, and ax>proved of The following is an abstract : — 

Abstract of Treasurer's Account. 

Session 1873-74. 

Dr. 
187a Xov. 1. 

To Balances from last Session — 

Id Union Bank of Scotland, .... £99 16 10 

In Treasurer's hands, 8 19 3 



1874. Oct 31. 
To Entry Money and Dnes from 49 New Members, 

at 428., £102 18 

Annual Dnes frt)m 4 Original Members, at 5s., 10 

Annual Dnes from 550 Members, at 21s., 577 10 



£108 16 1 



t* 



681 8 



Carryforward, £790 4 I 
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Brought forward, . £790 4 1 

To Chemical SectioD.—l Associate, for 1870.71, at £0 5 

1 „ for 1871-72, at 5 

4 „ for 1872-73, at 5s., 1 

33 „ for 1873-74^ at 5s., 8 5 

9 15 

Sanitary SectioxL— 37 Associates for 1873-74^ at 5s., . 9 5 
Corporation of Glasgow, interest on "Exhibi- 
tion Fund," £49 7 5 

„ Interest from Bank, 6 14 4 

^ 56 1 9 

Catalogaes sold, 27, at Is., . £17 

ProceetUnga Bold, 13 4^ 

2 44 

£867 6 2^ 









Cr. 
1874 Oct. 31. 

By Salaries and Wages, £172 13 10 

„ New Books and Binding, 91 2 7 

„ Printing Proc«edin^«, Circulars, &c., 114 6 

„ Postage and delivery of Circulars, &c, 26 8 10 

Stationery, 883 

lithographing and Printing Plates for Proceedings, . 41 5 3 

Rents, 130 

Insurance, Oas, Coal, Cleaning, &c 26 16 3 

Petty Charges and Sundries, 2 3 84 

Subscription to Hay Society, 1874, . . .£110 
„ ,, Pakeontographical Society, 1874, .110 

2 2 

Chemical Section. — Expenses per Treasurer of Section, . 6 111 

Sanitary Section. — Expenses per Secretary of Section, . 4 7 6 
Balances — 

In Union Bank, £240 

In Treasurer's hands, 1 15 7 

241 15 7 

£867 6 24 



ft 



99 
9» 



Glasgow, 10th November, 1874.— We, the Auditors appointed to examine the 
Treasurer's Accounts, have examined the same^ of which the above is an 
Abstract, and found them correct, the Balance in Union Bank at 3lBt October 
last being Two hundred and forty pounds sterling ; and in Treasurer's hands, 
One pound fifteen shillings and seven pence. 

(Signed) GEORGE WATSON. 

PETER W. DIXON. 
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The following Minute of the proceedings of Council, of date 
November 16, was read : — 

" In accordance with the provision in Rule XIII., that * vacancies 
occasioned in the Council by resignation or otherwise shall be filled 
up by the Council/ it was agreed, on the motion of Mr. Robertson, 
seconded by Mr. Rowan, to appoint Mr. Horatio K. Bronihead to 
succeed Dr. Thorpe, resigned, and occupy his place during the 
remaining year of the period for which he was elected ; and to 
appoint Mr. Sigismund Schuman to succeed Mr. Robert Gray, 
resigned, and to occupy his place during the two remaining years of 
the f>eriod for which he was elected." 

The Society then proceeded to the election of Office-bearers, in 
room of those retiring by rotation. 

On the motion of Professor Grant, Professor Sir William Thom- 
son, LL.D., F.R.S., was elected to the office of President. 

Professor Grant proposed that Dr. Wallace be elected to the 
office of Junior Vice-President, which was seconded by Mr. William 
M'Adam. 

Mr. John M'Gavin proiK>sed that Dr. Andrew Fergus be appointed 
to the office, which was seconded by Mr. Hugh Macbean. 

The vote was taken by ballot, Mr. David Mackinlay and Mr. 
Edward A. Wiinsch having consented to act as scrutineers of votes. 

The scrutineers reported that 75 had voted for Dr. Fergus, and 26 
fur Dr. Wallace. 

Dr. Fergus was then declared by the Chairman to have been duly 
cliHited Junior Vice-President 

On the motion of Professor Grant, Mr. St. John Vincent Day was 
n^-elected Librarian, Mr. John Mann was re-elected Treasurer, and 
Mr. William Keddie was re-elected Secretary. 

The following gentlemen were nominated to succeed the foi^r 
Members of Council retiring by rotation, viz. : — 

Professor James Thomson, LL.D., C.E., Professor Ferguson, M.A., 
^Ir. William Dron, Mr. Alexander Scott, Dr. William Wallace, Mr. 
Edward A. Wiinsch, and Mr. James Deas, C.K 

Mr. James Thomson, F.G.S., and Mr. David Mackinlay consented 
to act as scrutineers of votes. 

The scrutineers reported that the following had the greatest 
number of votes, viz. : — Professor Ferguson, 78 ; Dr. Wallace, 76 ; 
Professor James Thomson, 69 ; Mr. Alexander Scott, 61. 

These gentlemen were therefore declared by the Chairman to have 
been duly elected Members of Council. 

On the motion of Dr. Fergus, the Society voted its wannest tlimT^V^t 
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to Professor Grant for his valuable services during his term of 
office. 

Professor Grant acknowledged the compliment, and remarked 
that it afforded him great pleasure to be succeeded as President 
by a distinguished colleague of his own, who had already held the 
office, and whose labours reflected so much lustre on the science of 
the nation. 

Mr. W. Keddie read " Notes of a Visit to Niagara, &c., in the 
Summer of 1873." 



December 2, 1874. — Dr. Fergus, Viee-PreMentf in the Chair. 

The following were elected members of the Society, viz. : — 

Mr. William Ker, 1 Windsor Terrace, West ; Mr. James Adams, 
Timber Merchant, 9 Royal Crescent ; Mr. Albert Newhaus, Mer- 
chant, 1 Prince's Terrace, Dowanhill ; Mr. Alexander Wilson, 
Hydepark Foundry, 54 Finnieston Street; Mr. Stewart Manford, 
Shipowner, 24 Oswald Street ; Mr. John Brownlie, Grain Merchant, 
Whitehill Street; Mr. John Gourlay, C.A., 128 St Vincent Street ; 
Mr. John Davidson, Gas Manager, 13 Winton Terrace, Crossbill ; 
Mr. George R. Murray, Manufacturing Chemist, Maryhill; Dr. 
Chr. Heinzerling, Assistant to Professor G. Bischof, Andersonian 
University. 

The Council reported that it had taken into consideration the 
remit from the Society, of date November 4, to adopt whatever 
measure might be deemed necessary in connection with the Mitchell 
Bequest to this city for establishing a Public Library. The Council 
had accordingly appointed the following Committee to open a com- 
munication with the Magistrates and Town Council on the subject, 
and otherwise to act in the matter as thev mav see cause, viz. : — 

Mr. James Cleland Bums, Convener; Mr. John Mayer, Suh- Con- 
vener; Mr. James Thomson, F.G.S., Councillor M'Bean, Councillor 
W. R W. Smith, Mr. WiUiam M'Adam, Mr. Horatio K. Bromhead, 
A.R.I.B.A., Mr. St. John Vincent Day, C.E. 

The following papers were read : — " On the Absence of Air and 
Water from the Moon," by Francis Napier, Esq., Ass. Inst. C.R 
(Communicated by Mr. James R. Napier.) " Experiments on Fluid 
Jets and Induced Currents," by Mr. Alexander Morton. 
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December IS, 1874— Dr. Fbrgus, Vice-PreeidaUy in ike Ckmr. 



The Secretery read the following extract from a note zseei^f^d 
fi:t)ixi Sir WiUiam ThomBon : — " Allow me, throng yout to thsok 
the Society heartily for the great honour they hare done me in 
electing me as President." 

The following were elected members of the Society, viz. : — 

Mr. William Don^las, 22 West Nile Street; Mn James M. 
Fairlie, Chemist, 17 St. George's Boad; Dr. James Fktteraon. CasseUa, 
2 Newton Terrace ; Mr. J. G. Beid, Carver, 37 St Vincent Cres- 
cent ; Mr. John Peters, Coppersmith, 29 South Shamrock Street. 

The following papers were read : — ^ On an Apparatus for Testing 
the Lubricating Powers of yarious liquids, shewing some hitherto 
unrecognised foets at variance with the commonly received laws of 
Friction," by B. D. Napier, Esq. "^ On the Effect of Loch Katrine 
Water on various Metals,'* by James B. Naffer, Esq., F.R,SL 



Jitnuary 13, ld75.^]>r. Aludi Thomsoit, Viee-PresidmU, m 

theCkmr, 

The following were elected members of the Society, viz. :> — 

Mr. Thomas Bobertwm Ogilvie, F.C.S., Jamt Barg^ Analyst, 
19 Brisbane Street, Greenodc; Mr. William Baird, Drysaltery T 
Hampden Terrace, Queen's Park; Mr. Alexander MKJoU, Sbip- 
owner, 247 Bath Street ; Mr. D. M. Nelson, Gas Engineer, I3a 
Buchanan Street. 

The Council proposed that the following gentlttnen, wbo were 
formerly members, but whose connection with the Sodety ceiMcd on 
their removing finmi the city, be appointed Corresponding Membcn, 
in aecordanee with Bale XL, which requires that they shall be pro- 
posed and baDoted for in the same manner as ordinary meoibcn^ 
via. : — 

Dr. James B^ce, M.A., F.G.S. ; Bev. H. W. Crosskey, F.G.S. ; 
Mr. Bobert Gray, F^SJL ; Dr. Thomas £. Thorpe, F.R.S.JL ; Mn 
Alexander & Hersdiel, RA., J.RAS. 

Mr. James Ckland Bums, Convener of the Committee of the 
Society on the Milekeil litokiy Bequest, reported that the Con- 
mittee had an interview with the Magistrates and Town Cooncxl on 
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the 24th of December last, and urged upon them the adoption of the 
Public Libraries and Museums Act. 

Dr. Eobert Bell read a paper " On Contagion ; what is it 1 and 
what is its mode of attack?" 

The subject of the paper was discussed by Dr. Dougall, Dr. 
Cassels, Mr. J. Mayer, and Mr. Coleman. 



January 27, 1875. — Dr. Fsbgus, Viee-Prendent^ in the Chair. 

The following were elected members of the Society, viz. : — 
Mr. R W. Henry, Manu&cturer, 14 Garthland Street ; Mr. 
William Turner, Iron Merchant, 33 Kenfield Street ; Mr. Hugh 
Laird, Jun., Agent, Clydesdale Bank, Argyle Street ; Mr. Robert 
Pickering, 10 Albany Place ; Mr. John Pickering, 5 Royal Cres- 
cent ; Mr. John White, Scotstown and SHtmills, Partick ; Mr. W. 
D. Mackenzie, Publisher, 43 Howard Street ; Mr. George P. Weight, 
Civil Engineer, Clutha Ironworks ; Mr. James Storer, 8 Annfield 
Place. 
The following were elected Corresponding Members, viz. :^- 
Dr. James Bryce, M.A., F.O.S.; Rev. H. W. Crosskey, F.G.S. ; 
Mr. Robert Gray, F.R.S.E.; Mr. Alexander S. Herschel, B.A., 
F.R.A.S.; Dr. Thomas K Thorpe, F.RS.E. 

Dr. James Bryce read ■** Notes of a Tour in Germany, with 
Special Inquiry regarding the provisions for Scientific and Technical 
Education." 

In the discussion of the paper the following took part : — Mr. 
Anderson, M.P,, Mr. David Sandeman, Mr. John Mayer, Mr. 
Thomas Muir, Mr. Ross, Oartsherrie, Mr. John Donald, Mr. 
Wiinsch, &c 



FebruarT/ 10, 1875.— Dr. Febous, Vice-President, in the Chair. 

The following were elected members of the Society, viz. : — 

Mr. Alexandeif M'Einnon, 1 Holland Place; Mr. William 
M'Adam, Jun., 30 St. Vincent Crescent. 

The following papers were read : — 

'^ Outline of a Method for the Interpolation and Summation of 
Numerical Series," by Mr. John Donald, St. Rollox Schools. 



^^ 4 PldUaopkiad Bodehi nf Gkagov. 

^On Air ajid Water is Helstion to Pnl^Hc SeaQib,*' >j I>r. 
Wmimn Widlaoe, F.E-S.EL, F.C.S. 

The dibcoasioii on Dr. WaHaee't pi<per wac ftdjomnfiol liU 
WednesdaT, tlie lOtih of Mardi. 



Fihrwainf 24, 1875.~I>r. Fzbgub, rMx^/Vwitfait, m Cie Clan-. 

The foUcnring were electod membera of the Society, viz. : — 

Dr. John Weir, F^C.&Edin., 26 SandTfoid FUoe ; llr. lUiben 
DnncazL, Engineer, Partid: Foondxy; Mr. Wiiliun SbeppKrd, Gotu 
CoUierr. 

The following papen were read : — 1. ''On a 6etf«ctiikg Baalwaj 
Train Braise,'* bj Mr. James SteeL 

In the dificroBBion of this paper, Dr. King, of LiTerpool, Mr. Deaa, 
Mr. W. Robertson, Mr. M^Garin, Mr. Daj, and Mr. I>rain took 
part. 

2. «On M'Ka/s TubeAjoring Tool,'' by Mr, Williajn I>rcm. 

Mr. Deas, Mr. J. P. Smith, and Mr. Menzies, of Newcastle, boiY 
testiiDon J to the practical naelaLafiaa of the invention. 



MatOi 10, 1675.— Dr. Febocs, VicehPreddent, in the Chair. 

The following were elected members of the Sodety, viz. : — 

Professor George Bnchanan, M.D., 1 93 Bath Street ; Mr William 
Rodger, C.K, 131 Hope Street ; Mr. James Steel, 302 St. Vincent 
Street ; Mr. John Steven, 12 Walworth Terrace. 

The Council proposed the election, sls an Honorary Member, of 
William Fronde, Esq., CR, F.R&, Chelston Cross, Torquay. 

Mr. James R Napier gave notice that at next meeting he wonld 
move '^ That a Petition from this Society be sent to Her Majestr 
Queen Victoria." (See minnte of next meeting.) 

The discossion on Dr. Wallace's paper " On Air and Water in 
Relation to Public Health," was commenced by Dr. R. Bell, who 
wojB succeeded by Dr. Gairdner, Mr. Alex. Scott, Mr. Jaa. Mactear, 
Mr- Jas. Thomson, Mr. W. R. W. Smith, and Dr. Walhioe. 

Mr. Thomas Muir, Secretary to the Section of Physics, read a 
paper by Mr. James N. Miller "On the Trisection of an Angle." 

Mr. James R. Ni4>ier read a paper by Mr. Andrew Crawford ^'On 
a Waste-Preventing Water-Sapply Apparatus." 
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The discussion on the latter paper was adjourned till the meeting 
after the next. 



March 24, 1875 Dr. Fergus, Vice-Pteddent^ in ifke Chair, 

The following were elected members of the Society, viz. : — 

Mr. James Galbraith, M. A., LL.B., Writer, 66 Bath Street ; Mr. 
Arthur D. Fordyce Culbard, 70 Miller Street. 

It was moved by Dr. Fergus (in the absence of Sir William 
Thomson), seconded by Mr. James K. Napier, and unanimously 
agreed, that William Froude, Esq., C.R, F.R.S., Chelston Cross, 
Torquay, be elected an Honorary Member of the Society. 

It was moved by Mr. James R. Napier, seconded by Mr. Deas, 
and unanimously agreed, that the following Petition be sent to Her 
Majesty Queen Victoria : — 

"TO HER MOST GRACIOUS MAJESTY QUEEN VICTORIA. 
" The Humble Petition of the Philosophical Society 
of Glasgow, 

"Shetoeth^ That the Members of the Philosophical Society of 
Glasgow, being perscms engaged in the direction of Studies in the 
University of Glasgow, and in the Arts, Manufactures, Trade, and 
Commerce of the City, view with serious concern the calamitous 
loss of life and destruction of property on Railways from Collisions 
and other preventible causes. 

"The Philosophical Society therefore prays that your Majesty 
would be pleased to direct that your Majesty's Commission, presided 
over by His Grace the Duke of Buckingham, and now taking 
evidence upon Accidents on Railways generally, should inquire 
into, and make an interim report upon. Continuous Brakes, laying 
down the conditions which such Mechanical Contrivances should be 
capable of fulfilling, with the view, if deemed advisable, to their 
compulsory use on the whole Railway System of the United 
Kingdom." 



There was laid on the table the Council's Report on the Revision 
of the Rules of the Society, a copy of the same having been sent to 
each member. 

Dr. Wallace gave notice that at the next meeting of the Society 

Vol. IX.— No. 2. 2 a 
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he would move thmt tlie RuleSy as ameiMiffd bj tlie Coancily be mdopted 
bj the Society. 

The Yiee-President stated that the Goimcil having been repeatedly 
solicited bj members of the Society to recommend a change in the 
day of meeting, it would be observed that in the draft of Amended 
Rules the Council had submitted, alternatively, Tuesday and Wed- 
nesday. The Vice-President invited a general expression of opinion 
on this point by the members of the Society. 

Mr. Nathaniel Dunlop proposed that in the circular calling the 
meeting for the discussion of the Rules, the members who are 
unable to attend be requested to express their opinion, in a note to 
the Secretary, as to the propriety of changing the night of the 
Society's meeting fiom Wednesday to Tuesday. — Agreed. 

Mr. John Mayer suggested that the Committee on Patents for 
Inventions, appointed by the Society in 1869, should be called 
together to take into consideration the Lord Chancelloi^s Bill now 
before Parliament 

Mr. Day having offered some remarks on the importance and 
urgency of the subject, 

The Society agreed to instruct the Committee to watch over the 
measure in question, and appointed the following gentlemen to fill 
the vacancies in the Ccnunittee occasioned by death or removal, 
viz. : — Mr. James R. Napier, Dr. Wallace, Mr. J. MHjavin, Mr. W. 
M'Adam, Mr. W. Dron, Mr. Day, Mr. J. J. Coleman. Mr. Mayer 
to be Sub-Convener. 

Mr. James T. Bottomley, in the unavoidable absence in London 
of Sir William Thomson, read a paper ''On the Mathematical 
Theory of the Rolling Error of the Compass.'' He afterwards 
explained Sir William Thomson's Tide-Calculating Machine and 
Improved Tide Gauge. 

Mr. Bottomley received the thanks of the Society. 



April 14, 1875. — Dr. Fergus, Vice-Presidenty in Oie Chair, 

The following were elected members of the Society, viz. : — 

Mr. George R. Morrison, 10 Belgrave Terrace, Hillhead ; Mr. 

James Marshall, Sunnyside, Partick Hill ; Mr. John Stewart, Dyer, 

29 Napiershall Street. 

A letter was received from Mr. Froude expressing his thanks for 

the honour the Society had conferred on him by electing him an 

Honorary Member. 
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Mr. John Mayer, Sub-Gonvener of the Committee appointed on 
the 24th March, to consider the Lord Chancellor's Bill presently 
before Parliament, with reference to Patents for Inventions, reported 
that the Committee had met, and agreed to the following form of 
Petition to the House of Commons : — 



" Unto the Honouaable tlie Commons of the United Kingdom of 
''Great Britain and Ireland in Parlianvent assembled, 

" The Humble Petition of the Philosophical Societt 
of Glasgow, 

" Sheweth, That the Philosophical Society of Glasgow, consisting 
of upwards of 600 Members, being persons engaged in the Arts, 
Manufactures, Trade, and Commerce of the City, views with serious 
concern several of the provisions of a Bill now before your Honour- 
able House, intituled, 'An Act for Consolidating, with Amendments, 
the Acts relating to Letters Patent for Inventions/ 

" That the Society feels assured that were the Bill as amended in 
the House of Lords to become law, it would greatly discourage those 
|>er8ons who devote their time, talents, and capital to the production 
and development of useful inventions, and would in every sense 
jirove a grievous wrong and injury to all classes of society. 

" That the Society is satisfied that more and greater benefits are 
conferred upon the country under the existing Patent Laws than 
would be the case were the Bill now before your Honourable House 
to pass into law. 

" Your Petitioners, therefore, humbly pray your Honourable 
House that the said Bill may not pass into law." 



The form of Petition was approved of by the Society. 

The discussion on Mr. Andrew Crawford's "Waste-preventing 
Water-supply Apparatus,*' adjourned on the 10th of March to the 
present meeting, was introduced by Mr. James R. Napier, who was 
followed by Mr. John Jex Long, Mr. William M'Adam, Mr. John 
Taylor, Jun., Mr. W. R. W. Smith, and Mr. Dron ; Mr. Crawford 
closing the discussion with a reply. 

Dr. Wallace then moved that the Rules, as amended by the 
Council, be adopted by the Society. 



:tii»mh«r?i in fhwinr -if Tiuauanir "iiR Uiv- -flr Tie Sieiety'^i mseiaiiir 
dvim ^^nmfia^ m TniwiAv. luui •nut in. ikv/mir -He itB ismiaiiiiiiuc !xi 
itii*#»r in W'«ini»5iiCirr: 

Ft^ -vui mnvrtfi \\v Jfr, 5R Dnnion. ind wfjnmU^t nv Xt dnnsB 
^i-^or^. -Jmr -rim iiiy if juwnimr H« ihaniipfi 3?nniL W>4tnB9iia.y » 

THft E!lii:H5i. ift rf»'^J9wt h^ niie CfinmsL vHr^ p»«uL aznl <*v}nffibLlifff»t£ 
«^/t^i^ laiii 'mv»*tru <*Tiif*niiarinnH w^**r»^ inEmibnii*<L 

Till* '^.'•^nnrtii. ib i mRftCuur ^ui ^aim '*^n*nT7ii£; baTxiuf;. by :& 
majnritrT^. .i^rfwii t^% f«»«!ninnieiiii dins PT^sBiUmzs •}£ Si>ecnms b*> 
mf^iniii»«i an <innnti"nTUTic nu»m.h»*r?i -if Giniiinl ^-eu-^ciii aaui rf •jt&er- 

Till* •irjtft of Rtilt*!!. «* «mi»iifii!fi bv tihf» aixiitftrx^ wt» ti&<hl l5>rnwll'r 
«ppr^j"7<»ii i^ by ft tine Toce. o&e «m3iiti pfwufinfj h<*£2^r tbcefi Snr nexc 



TliT^ WU>«iii;2r w-^^Tfr j*iopo«»*d a» m<»nLhi«» ^of rfi* Sooetj. tit. : — 
3ir TajIot Shipley HiiKi^. Scobemes N«^-w I>ock W^yrfcs: recr»- 
fe,^fn,6fA W Mr. St. Jf/hn VmoeTLt Dij. Dr. Ferzus^ azbd 3tf>. A. 
fC//r;*rrtA/yR. Mr. R*'/rj^TS Y*'*nr.z. -Ir^ Jk. Vtnc^ns Scn?t?t: neoMD- 
m^^fA \fj Mr AJftxander Sc*>tt- Dr. T^t^ha. and Mr. Joltn Jex 
l>*TiJ5: Mr, Andnew Crawir^r^L Pliiaiber, 33!> DmnbutoQ Boftd ; 
rf^xrtnts§fitAfrt\ br Mr. Al^ounder Sotc, Dr. YerzcA^ ^nd Mr. James R. 
Va|jrjf?r, 31r. Jam^ Sj^e-wart. Sanicarr Engineer, 4 Socth Portland 
Htrftet ; ncf/mmffnflf:fl hj yir. George Richardson. Mr. W. R. W. 
Kmithy and Mr. A- Robertaon. Mr. William Jacks, Messrs. Robi- 
fi/>w» 4fc Mafjorilianks ; recommended hj 3Ir. William Tnmer, Mr. 
Ht. Jf^n Vincent Day, and Mr. Andrew Symington. 

[To hft balloted for at the opening meeting of next Session.] 
Ijffiien were raid from 'Sir. George Anderson, M.P., a<dLnow> 
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ledging receipt of the Society's Petition to the Queen on the subject 
of Railway Accidents, which he had transmitted to the Home 
Secretary for presentation ; and of the Society's Petition to the 
House of Commons against the Lord Chancellor's Bill on Patents, 
which Mr. Anderson mentioned he had presented. 

The following Report was received from Mr. Tatlock, Secretary to 
the Chemical Section : — 

Heport of the Chemical Section. 

The Council of the Section have much pleasure in reporting that 
the past Session has been an eminently successful one. 

The following papers were read during the Session: — "On the 
Estimation of Phosphoric Acid," by E. M. Dixon, B.Sc.; "On the 
Estimation of Phosphoric Acid," by Thomas R. Ogilvie, F.C.S. • 
"On Flue-testing," by James Mactear ; " On the presence of Lead and 
Copper in Aerated Waters," by Dr. James Milne; "On some 
Mechanical Appliances for facilitating Chemical Operations," by 
W. L. Rennoldson; "On the determination of Phosphoric Acid 
in presence of a large excess of Citric Acid," by E. M. Dixon, 
B.Se.; "On the Spontaneous Combustion of Coed, and the great 
Loss of Ooal-laden Ships," by John Mayer, F.C.S. ; "On the 
Adulteration of Food, Drink, and Drugs Bill," by Dr. John Clark ; 
"On the Methods in use for Testing Petroleum Oils," by J. J. 
Coleman, F.C.S.; "On Nitrification and on the Filtration of 
Sewage through Certain Media," by E. C. C. Stanford, F.C.S., 
President; "On the Filtration of Sewage through Spent Oil Shale," 
by J. J. Coleman, F.C.S.; "On the Chemistry of Sugar Refining," 
by G. C. Stewart, F.C.S. 

Most of these papers were the records of original research, and 
several of them were the fruit of laborious investigation. 

As the result of a representation made originally by the Section, 
and supported by the Newcastle Chemical Society, the British 
Association have appointed a Committee, with a grant of £10, to 
investigate the methods in use for the analysis of some commercial 
products, particularly Manures and Potash Salts. 

At the request of the Section the Council of the Society has kindly 
granted £4 to be invested in Apparatus for the investigation of the 
subject of " Nitrification," with a view to the settlement of the 
question, whether the nitrogen of the air is converted into nitric 
acid by oxidation. 

During the Session seven associates have been enrolled. 
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Mr. Gravin Irving Dickson^ Secretary to the Sanitary and Social 
Economy Section, read the following 

Report or the Saititary and Social Ecokomt Sectiok. 

The Council have the pleasure of reporting another active Session. 

The following is an abstract of the different subjects brought 
before the Section, viz. : — 

Ist Meeting, — '< On the Nature and Origin of Zymotic Diseases." 
By Mr. John Dougall, M.D., Medical Officer of the Burgh of 
Kinning Park. 

2nd Meeting. — Inaugural Address 1^ the new President, Mr. W. 
R. W. Smith, dealing with the Sewage Question, as brought under 
review of the Section since its commencement. 

3n£ Meeting. — '' On the Immediate Results of the Proceedings of 
the City of Glasgow Improvement Trust since Whitsunday last, as 
regards the Inhabitants displaced thereby." By Mr. James B. 
Russell, M.D., Health Officer of the City. 

\th Meeting, — 1st. '' On the Excessive Mortality of Glasgow — its 
Causes and Remedies." By Mr. Matthew Charteris, M.D. 

2nd. Consideration of a Communication as to contemplated 
changes in the Laws of the Society, from the Revision Committee 
appointed by General Council, per Mr. Alexander Scott. 

bih Meeting, — 1st. ''Scheme for intercepting and utOising the 
Sewage of Towns, and Preventing the Pollution of Rivers." Bj 
Mr. James M*Intyre, Port-Glasgow. 

2nd. '' Production of Model and description of Self-acting Machine 
for separating and utilising the Sewage of Glasgow." By Mr. D. A. 
B. Murray, Glasgow. 

3rd. '' Explanation of his Self-acting Sewage Gas-trap." By Mr. 
W. P. Buchan, Glasgow. 

^th Meeting, — ** On Surface Removal of City Refuse — ^the Key 
to Public Health." By Mr. Charles Elcock, Secretary of the 
Universal Charcoal and Sewage Company (Limited), Manchester. 

1th Meeting, — " On purifying and utUisii^ the Drainage, &c., of 
Cities, in reference to the present Panic at Crossbill, with Exlubition 
of Model of Machine and relative plans," &c. By Mr. Thomas Short, 
Glasgow. 

8<A Meeting,'-Ut, " On the Total Abolition of the Excise Duty 
on Spirituous Liquors — a Necessity — in order to secure an Efficient 
Temperance Reformation." By Councillor James Durham, Edin- 
burgh. 
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2nd. Report by the Council on the Section's proceedings during 
the Session. 

The number of the Section's Associates is now thirty-five, shewing 
a slight increase since last Session. 

The different meetings have been all well attended b)^ the 
members and associates of the Society, and the full reports given 
by the newspapers of the proceedings must have added considerably 
to their general usefulness. 

The Council of the Section is presently composed as follows : — 

W. R W. Smith, Esq., Frmdent. 

James £. Eussell, Esq., M.D., Vice-Presuient. 

Alexander Scott,. Esq., Vice-President, 

Ordina/ry Members, 



Mr. Arthur Herriot. 
Mr. William Melyin. 
Mr. Stephen Mason. 
Mr. William M'Abam. 



Mr. Kenneth M. M'Leod. 
Mr. Andrew Fergus, M.D. 
Mr. John Douqall, M.D. 
Mr. Nathaniel Dunlop. 



Mr. Egbert Renfrew, M.D. 
Mr. Gavin Irving Dickson, Secretaa^j^ 

■ 

Mr. Thomas Muir, Secretary to the Physical Section, read the 
following 

Report op the Section op Physics, including Mechanics 

AND Engineering. 

The Council of the Physical Section report with pleasure that the 
Section has enjoyed during the past winter an amount of success 
scarcely to have been expected on the first Session of its existence. 
The main object of the Section, has been to secure papers containing 
the results of original thought or investigation, and yet vested with 
such general interest as might warrant theis being read with profit 
to the Society at large. The number of papers ofiered has been 
exceedingly encouraging, there being as many, indeed, as could be 
satisfactorily dealt with in the course of the Session. Of these the 
Council approved of the fourteen following, which were judged satis- 
factory in regard to the first conditioiL of originality, and which are 
now known to have acquitted themselves on the second head, viz., 
acceptability in the matter of general interest to the Society : — 

1. " On the Absence of Air and Water from the Moon." By Mr. 
Francis Napier, Ass. Inst. C.K 
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2. " Experiments on Fluid Jets and Indaoed Ouirents." Bj Mr. 
Alexander Morton. 

3. ''On an Apparatus for Testing the Lubricating Power of 
various Liquids, shewing some hitherto unrecognised £Etcts at vari- 
ance with the commonly received Laws of Friction." By Mr. R. D. 
Napier. 

4. " On the Effect of Loch Katrine Water on various Metals." By 
Mr. James R. Napier, F.R.S. 

5. '' On a Self-acting Railway Train Brake." By Mr. James 
Steel 

6. " On M'Kay's Tube-Plate Boring Tool" By Mr. William 
Dron. 

7. " On a Waste-preventing Water-supply Apparatus." By Mr. 
Andrew Crawford. 

8. " On the Trisection of an Angle."* By Mr. James N. Miller. 

9. '^On the Mathematical Theory of the Rolling Error of the 
Compass." By Sir Wm. Thomson, LL.D. 

10. " On the High Antiquity of Iron and Steel." By Mr. St. 
John V. Day, F.R.S.E. 

11. " Note of Experiments with Giroud's Rheometer." By Mr. 
William Foulis. 

12. " On seme Fractured Rivets from a Steam Boiler." By Mr. 
James R. Napier. 

13. Mr. James R Napier shewed a method of " Spinning Tops 
without a Handle." 

14. " On the Conical Filter of Greatest Capacity for a Given Slant 
Height or Radius of Filter Paper." By Mr. James R Napier. 

During the Session six associates have been elected ; and tlie 
Council confidently hope that members appreciating the work which 
has been done will aid them in greatly adding to this number in the 
Sessions to come. 

The Amended Rules of the Society were, (m the suggestion of 
the Chairman, held as read a second time, and unanimously adopted 
as the Constitution of the Society. 

Mr. St. John Vincent Day read ^ A Third Communication on the 
High Antiquity of Iron and Steel." 

Dr. Wallace described Phibbs' Patented Process ibr the Ageii^ 
of Whisky and other Spirits, and exhibited a Model of the 
Apparatus. 

Dr. Wallace adduced " A striking illustration of the Germ Theoiy 
of Putrefaction." (See Proceedings.) 
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Mr. James R. Napier exhibited some Fractured Rivets from a 
Steam Boiler. He also shewed a method of Spinning Tops without 
a handle. 

Mr. T. Muir read "Note of Experiments with Giroud's Rheometer/' 
by Mr. Foulis. 

The "Chairman, on announcing that this was the closing meeting 
of the Session, congratulated the Society on the variety and impor- 
tance of its proceedings, adding that the new and vigorous Physical 
Section had very materially contributed to the interest of the 
Session. 

On the motion of Dr. Wallace, the Society voted its cordial thanks 
to Dr. Fergus, Vice-President, for the able manner in which he had 
officiated as Chairman throughout the Session. 
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ADDITIONS TO THE LIBRARY. 



Donations, Presented by 

Transactioiis of the Odontiological 

Society of Great Britain, . . . The Society. 
Transactions of the Odontological 

Society of Great Britain, . . . The Sooiety. 
Proceedings of the Literary and Philo- 
sophical Society of Liverpool, . . The Society. 
I'roceedings of the Bristol Naturalists* 

Society, ...... The Society. 

Memoires de la Society des Sciences de 

Bordean:^, The Society. 

Journal of the Franklin Listitute, The Institute^ 

Proceedings of the Geological Society of 

London, 1838, Dr. Biyce. 

Proceedings of the Geological Society of 

London, 1842, ,, 

Journal of the Geological Society of 

London for 1842- 45, ... „ 

Statistique de Plndustrie a Paris 

resultant do VEnqudte faite par la 

Chambre de Commerce, pour les 

Ann^s 1847-48. 4to. Paris, 1851, 
C>n the Greology of Clydesdale. (No 

date.) » 

Manu&cturing Arts in Ancient Times, 

with Special Reference to Bible His- 
tory. By James Napier, F.R.S.E., 

F.C.S. 8vo. London, 1874, . . James Napier. 
Transactions of the National Associa- 
tion for the Promotion of Social 

Science. London, 1860-1863, and 

1865-1873, The Association. 

Prisons and Reformatories at Home and 

Abroad : being the Transactions of 

the International Penitentiary Con- 
gress held in London, July 3rd to 

13th, 1872. Edited, at the request 

of the Latemational Committee, by 

Edwin PeaTB, LL.R 8vo. London, 

i872y James Robinson. 



3 Vols. 
3 Parts. 
1 Part. 

1 „ 

2 „ 

8 „ 

1 Vol. 

1 „ 
1 ,. 



1 „ 
1 .. 



1 ., 



12 „ 
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Donations. 

Verhandelingen der Koninklijke Aka- 
demie van Wetenschappen, 1874, 

Jaarboek van de Koninklijke Akademie 
van Wetenschappen, 1873, 

Venlagen en Mededeelingen der Konin- 
klijke Akademie van Wetenschappen, 
1874, 

Processen Verbaal Koninklijke Aka- 
demie van Wetenschappen te Amster- 
dam, 1873-74, .... 

Archives NSerlandaises des Sciences 
Exactes et Naturelles, Pnbli^ par la 
Society Hollandaise des Sciences a 
Harlem. Par E. H. von Baumhauer, 

R^vinon des Esp^ces Insolindiennes de 
la Famille des Synancc'oldes. Par P. 
Bleeker. Harlem, 1874» . 

Proceedings of the Koyal Society of 
Edinburgh, 

Transactions of the Botanical Society of 
Edinburgh, 

Transactions and Proceedings of the 
New Zealand Institute for 1873, 

Proceedings of the American Academy 
of Arts and Science, 

Proceedings and Transactions of the 
Royal Society of Victoria, 1874, 

Proceedings of the Society of Biblical 
Archaeology, 

Proceedings of the Boston Society of 
Natural History, .... 

Proceedings of the Lyceum of Natural 
History in the City of New York, . 

Proceedings of the Bristol Naturalists* 
Society, 

Experiments with Safety Lamps, 

On the Connection between Colliery 
Explosions and Weather in 1872, 

Progress of Meteoric Astronomy in 
1874, 

On the Spectrum of the Aurora, . 

On the Physical Cause of the Sub- 
mergence and Emergence of the Land 
during the Glacial Epoch. 1874, 

On SubaSrial Denudation, and on Cliffs 
and Escarpments of the Chalk and 
the Lower Tertiary Beds, 

Committee on the Treatment and 



Prenented by 



Amsterdam Society. 



»» 



>) 



)> 



J. J. Ensobed^ 



»f 



IPart. 

1 » 

2 Vols. 
1 Part 



2 Parts. 



>♦ 



The Society. 


1 Part. 


The Society. 


1 ,, 


James Hector, M.D. 


1 Vol. 


The Academy. 


2 „ 


The Society. 


1 M 


The Society. 


2 .. 


The Society. 


4 „ 


The Lyceum- 


8 „ 


The Society. 
W. Galloway. 


8 „ 

1 Pamphlet. 

• 


«• 


1 


A. 8. HerecheL 


1 
1 


James CrolL 


1 



W. Whittaker, B.A. 1 



♦f 
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DoNATioys. 
Utilisation of Sewage, reappointed 
at Brighton, 1872, .... 

La Terre, Descrijition des Ph^nomenes 
de la Vie dn Globe. Par £li&6e 
Beclns. 8vo. Paris, 1869, 

Synopsis of the Flora of Colorado. By 
.Thomas C. Porter and John M. 
Coolter. 8vo. Washington, 1874, . 

Report of Explorations in 1873 of the 
Colorado of the West and its Tribn- 
taries. By Professor J. W. Powell, 

On the Natural History and Distribu- 
tion of Yellow Fever in the United 
States, from a.d. 1668 to a.d. 1874 
By J. M. Toner, M.D. Washington, 

Bulletin of the Buffalo Society of 
Natural Sciences, .... 

Memoirs of the Boston Society of 
Natural History 

Canadian Entomologist, 

Abstract of the Proceedings of the 
Liverpool Geological Society, . 

Annual Report of the Commissioner «f 
Agriculture and Public Works for 
the Province of Ontario on Agricul- 
ture and Arts, for the year 1873. 8vo. 
Toronto, 1874, 

Popular Treatise on the Patent Laws 
and their Working and Reform, for 
the Development of Arts and Manu- 
factures and the Protection of In- 
ventors. By John Brown. 1874, . 

Journal of the Associations of Foremen 
Engineers and Draughtsmen, . 

Canadian Listitute, .... 

Abridgments of Specifications relating 
to Patents for Inventions, 

Chronological and Descriptive Index of 
Patents Applied for and Patents 
Granted, 

Recent Objections to the Origination of 
Gentile Measures by the Great 
P3rramid, 

Preliminary Notice of some Facts (here- 
tofore unperceived) which will be 
shewn to aggr^i^te into certain 
Cosmic and Metric Systems in the 
Great Pyramid. London, 1874, 



Presented bj 




The Committee. 


1 Pami>hle(t. 


W. Collins, Esq. 


1 VoL 


U. S. Survey. 


2 Vok. 


J. W. Powell. 


I PamphleL 


J. M. Toner, M.D. 


1 


The Society. 


2 Parta. 


The Society. 
E. B. Reed. 


3 „ 
9 ., 


The Society. 


1 ,, 



E. B. Reed. 



>» 



St John V. Day. 



1 VoL 



John Brown. 


1 Pamphlet. 


The Associations. 


9 Parts. 


The Institute. 


4 „ 


B. Woodcroft 


14 Vols. 



8 .. 



I Pamphlet 



»» 
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Donations. Presented by 

Transactioiis of the North of England 

Institnte of Mining and Mechanical 

Engineers. Vol 23. 187^74, . Theo. Wood Banning. 
Proceedings of the California Academy 

of Sciences, A. Kellogg. 

Census of Victoria for 1871, . . H. H. Hayter. 

Statistics of the Colony of Victoria, . „ 

Statistics of the Colony of Victoria for 

Australasian Statistics for 1873, . . „ 

Report of City of Glasgow Sanitary 
Inspector on River Clyde Pollution, 

1872-74, K. M'Leod. 

Greenwich Observations, Astronomical, 
Magnetical, and Meteorological Ob- 
servations for 1872, .... Greenwich Observatory. 
Greenwich Magnetical and Meteoro- 
logical Results for 1872^ ... ,, 
Results of Astronomical Observations, 
made at the Royal Observatory, for 

1872, 

Cape of Good Hope ; 1159 Stars, 1856- 

1861, Reduced to the Epoch I860, . 

Memoirs of the Royal Astronomical 

Society for 1874-75 ,, 

Canada: Past, Present, and Future; 
being an Historical, Geographical, 
(geological, and Statistical Account 
of Canada West By W. H. Smith. 
8vo. Toronto, .... Dr. Bryce. 

Statistics of New Zealand for 1872, ,. 

Memoires de la Soci^td de Sciences de 

Bordeaux, The Societj'. 

M^moires de la Soci^t^ Royale des 

Sciences de Li^. Bruxelles, 1873, The Society. 
Annuaire de TAcademie Royale, 1874, 

Bruxelles, A. Quetclet 

Bulletins de TAcademie, ... ,, 

Annales Meteorologiques, 1872-73, ,, 

Annual Report of the Board of Regents 
of the Smithsonian Institution for 

1872, The Institution. 

Results Derived from an Examination 
of the United States War Maps for 

1872 and 1873, E. Loomis, Esq. 

Leeds Philosophical and Literary 
Society : The Annual Reiiort, 1873- 
74, The Society. 
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1 VoL 

2 Parts. 
I Part. 
6 Parts. 

1 Part. 
1 „ 



1 ,. 



2 Vols. 
I „ 

1 Part 
1 VoL 

1 ., 

o 

^ »♦ 

2 Parts. 
I VoL 

1 Pamphlet. 
1 Part 
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BOXATIOXB. T'l — iimff by 

Moothly Notioes of tbe Kojil AatraD4»- 

mical Socie^ .. 12 

ArubivvB da Muaoe Tcyler. . . J. J. EuBfaetW. S 

liid«x«E for PatentB and Pitwrtarfc. 

Vicawria, 1872, . TT. H. Archer. -• ,. 

lifsfbrmaitaifT Pximsi lligmplhif, as I>e- 

i-ekified In* tbe Ht. fioo. &r IVaber 

L'raftaii, in the Ixiih Cooviet Fxiaonfi. 

By Mary Car}«iaeT. ISmo. I^idnn 

1872 James BafaoKm. 1 VoL 

L e c tu n ss tm EeonomicScienoe: DeinFflvod 

under the AmspaoeB of the Ca i ii miUne 

im Labonr and Otpoal, appomted by 

the NafciaiuJ Aiworiafcion lor the Pn^ 

motiuii of bocial Bataaot. ISmu. 

Luudun, ]S70. ,. 1 ToL 

Th«one ec A]iplicatiai de Ilmpot mr 

ie Capital. Far Mcnier. Sva Pahs, 

1874, ,. 1 VoL 

Wofkiug dMsefe. By Clias. Iazn}K)rL 

F.6.6. Ijimdnn. 1S74. ..... 1 PampUet. 

PrcNjeedmgB of the BerwickahiFe NatQ- 

ralistE* Cinb The Club. 1 F- 

Pruueediiigs of the AmencMn Fhilc*- 

Kiphical Society The Society. 2 Pj 

FnxxiediDgB of the Academy of Natural 

ScieDce. Fhikdelphia. The Acadenr. 3 

ProoeediugE of the South Wak« Iiuti- 

tate of £D|:iDeen, .... The lll^tTtart^ 
Proceeding of the Ameriean Philo- 

aojihical Society. .... The Society. 1 

PruoeedingB of the Amencan Phamia- 

oentical Aieoriation The Aandatioo. J VoL 

ProoeedingE of the Bath Natoial His- 
tory and AntujnariaD Field QnU . "But Cfaib. 1 Paxl. 
ABtrouomical and Meteorological Obeer- 

vatioiiE made daring the Tear 1871. 

at the r.& Kaval Ubeervatory. . B. F. Sands, fiiq. 1 TtiL 

TramectioDB of the Hiatorie Societrr of 

Lancaahin: and Cheshire, The Sodety. 1 VoL 

Tnuieactione of the Society of Enpiteere 

for 1872 and 1673, .... The Society. 2 Vola. 

TrauaactioDS of the Inatxtntion of 

£nginoerB and ShipbuildefB in Soot- 
land, The luBtEtntifin. 1 Vul. 

•lonmal of the Statiatical Society and 

Geoenl Index. Tola. 96 to 33, . Tl» Sooisfcy. 3 pxite. 

Joamal of the AnthropologiGa] l uetitut e 

efGreUBxitun and Ireland, . . The Imtitiite. 2 ^ 
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The Philosophical Society's Exchanges with otheb 

Societies, <&a 

Academy of Science, Missoari. 

Academy of Science, Philadelphia. 

American Academy, Boston. 

American Philosophical Society, Philadelphia. 

American Institute, New York. 

Boston Natural History Society, Boston. 

Berwickshire Naturalists' Club, Alnwick. 

Canadian Institute, Canada. 

California Academy, California. 

Commissioners of Patents, Washington. 

Franklin Institute Philadelphia. 

€reological Survey Office, Calcutta. 

Historic Society, Quebec. 

Institution of Mechanical Engineers, .... Birmingham. 

Lyceum of Natural History New York. 

Midland Institute of Mining Engineers, .... Bamsley . 

North of England Institute of Mining Engineers, . . Newcastle-on-Tyne. 

Natural History Society, Portland, Maine. 

New York Agricultural Society, New York. 

National Academy, Washington. 

Pharmaceutical Society, Philadelphia. 

Professor J. D. Dana, Connecticut. 

Professor E. Loomis, Connecticut. 

Professor J. Henry — National Observatory, . . Washington. 

Kojral Academy of Science, Berlin. 

Royal Academy of Science, Stockholm. 

Koyal Academy of Science, St. Louis. 

Royal Academy of Science, Brussels. 

Royal Academy of Science, Amsterdam. 

Royal Society of Victoria, Melboume. 

Royal Institute of Lombardy, Milan. 

Boytl Geographical Society, Vienna. 

Royal Institution of Cornwall, Truro. 

Smithsonian Institution, Washington. 

Society of Physical Science, Bordeaux. 

United States Observatory, Washington. 

United States Survey, Washington. 

University of Christiania, Christiania. 

J. HoUel — ^La Soci§t^ des Sciences Physique et Natnrelles, Bordeaux. 

William H. Archer, Registrar-General, .... Melbourne. 

C. J. liatthes, of the Royal Academy, .... Amsterdam. 

£. B. Reed, Barrister-at Law, London, .... Ontario. 
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tirvrittn ma Bna, dtmiarm fgt arm {Ja> CStbna Artotei. eC Sx Carti 
M/K Par*. I«:5. 

t(Mlutr.fcK««b »J tb> Rmkr Moantam : A Diary and XnntiTT <4 Tnn 
%irirt, sM AdcicataK. darin; a lounmy tbm^ the Hodboa'i Bay C« 
l«>>]r'* ToTttfiriM ID \Va and IWCr. By Uk EaH of OnntlM^, K.l 
V. iUi.n. Witli Ma)« aM ninatntioiB. Sra. Edinbor^ IS75. 

<Ifa*e'M'><ni>U mi Uicir (UxAniAm : A Manual of Archcolog;, m esmq^iiH 
b) tkn finnal* frf the Celtic, the Bomano-Briti^ and tlw Ab^o-Sbxci 
rvrM-l*. B]rUew»llyDnJe«ttt,F.&A..4c 1 toL Sto. Lod^mi. 1874 

KviAatirm $aA th* OriKio of Life. By H. Charitoo Bartian, H.A., U.D 
r,ll,H. I2DIV. London, m*. 
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Arctic EzperienoM ; cwiUining Captain Q^orge E. Tyaoa'a Woodarfiil Drift on 

the Ice-floe, a History of the *' Polaris ** EzpeditioD, the Cruise of the 

*"ngre88,'* and Rescue of the "Polaris" SnrriTon; to which is added 

a General Arctic Chronology. Bdited by E. Vale Blake. Bra London, 

1874. 
Meeting the Son : A Journey all Round the World, through £gypt» China, 

Japan, and California, including an Account of the Marriage Ceremonies 

of the Emperor of China. By William Simiison, F.R.G.S. Sro. London, 

1874. 
Journal of the Royal Agricultund Society of England. Parts let and 2nd of 

VoL9. 
Cave- Hunting : Researches on the Eridenoe of Caves respecting the Early 

Inhabitants of B^lrope. By W. Boyd Dawkins, M.A., P.R.S., F.O.8., 

F.S.A. 1 Vol 8vo. London, 1874. 
Assyrian Discoveries : An Account of Explorations and Discoveries on the Site 

of Nineveh, during 1873 and 1874. By George Smith, of the Department 

of Oriental Antiquities, British Museum ; Author of '* History of Assur- 

banipal,*' Ac 8vo. London, 1875. 
Monograph of the CoUembola and Thysanura. By Sir John Lubbock, Bart., 

M.P. 8va London, 1873. 
Monograph of the British Annelids. Two Parts. Nemerteans. By W. C. 

M'Intosh, M.D., F.R.S.E., F.L.S., Ac London, 1873 and 1874. 
Monograph of the British Spongiadn. By J. S. Bowerbank, LL.D., F.R.S., 

F.L.S., F.G.&, F.Z.S., F.R.A.S. VoL 3rcL London, 1874. 
Principles of Mechanics, and their Application to Prime Movers, Naval Archi- 
tecture, Iron Bridges, Water Supply, ke. By W. J. Millar, C.E. 12mo. 

London, 1874 
Records of the Past : being English Translations of the Assyrian and Egyptian 

Monuments. 3 Vols. 12ma London. 
Through Fanteeland to Coomassie: A Diary of the Ashantee Expedition. By 
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CONSTITUTION. 



I. 

Name op the Society. 

The Society shall be called "The Philosophical Society op 

Glasgow." 

11. 

Objects op the Society. 
The objects of the Society shall be to aid the advancement of the 
Mathematicaly Pliysical, and Natural Sciences, with their appli- 
cations, and to promote the diffusion of scientific knowledge. 

III. 
Members. 

The Society shall consist of three classes of Members, — Ordinary, 
Corresponding, and Honorary. 

Ordinary Members shall be such persons as are duly elected 
according to the Constitution of the Society. 

Corresponding Members shall be persons not resident in Glasgow, 
who have rendered valuable service to the Society, or from whom 
important intelligence on scientific subjects may be expected. 

Honorary Members shall be persons who have contributed in an 
eminent degree to the advancement of Science. 

IV. 
Ordinary Members. 
Candidates shall be proposed in writing by three Members; in- 
timation of such proposals shall be given to the Society in the 
Circular calling the next Ordinary Meeting, at which they shall 
be balloted for, and shall be elected if more than four-fifUis of the 
votes are favourable. The Secretary shall inform Members, by 
letter, of their election. Upon admission, every Member shall pay 
One Guinea as Entry-money, and One Guinea in addition as the 
first year's Annual Subscription; if he fidl to comply with the 
terms of this Article within two months, his election shall be void. 



Upon admianon, each Member shall sign his name to the follow- 
ing Declaration, in a Book kept for the pnrpoee : — 

Declabatioit. — '' / her^ bind mymlf to obterve and obe$ the Laum of the 
Philosophical Society or Glasgow. ** 

The Annual Subscription to the Society shall be One Guinea, 
due on the first of November. Members whose Subscriptions 
are in arrear shall not have the power to vote on any question, 
nor to use the Library, nor be entitled to receive the printed 
Proceedings of the Society. 

Members shall be held liable for their Annual Subscriptions 
until they have given to the Secretary written notice of their 
resignation. 

Members becoming non-resident, and not in arrear, shall, on 
giving notice in writing to the Secretary, become entitled to 
resume their position as Ordinary Members whenever they return 
to Glasgow, upon payment of the current year's Subscription. 

Original Members of the Society, or old Life Members, are 
liable to the payment of 5^. per annum. 

Members who have paid their Entry-money may compound for 
their Annual Subscriptions by a single payment of Ten Guineas. 

V. 

CORRESPONDIKO MEMBERS, 

Corresponding Members shall be recommended by a majority 
of the whole Council, and shall be balloted for in the same manner 
as Ordinary Members. 

Corresponding Members shall not be required to pay either 
Entry-money or Annual Subscription. They shall each receive 
a copy of the Proceedings of the Society. 

VI. 

Honorary Members.* 

The number of Honorary Members shall not at any time exceed 
twenty; not more than three to be elected in any one year. 

Honorary Members shall be recommended by a majority of the 
whole Council, and shall be balloted for in the same manner as 
Ordinary Members. They shall be liable to no payments, and shall 
each receive a copy of the Proceedings of the Society. 

VII. 
Offioe-Bearers. 
The bajdness of the Society shall be conducted by a Council, 



consisting of the President, Ex-Presidents, Three Vice-Presidents, 
Presidents of Sections {ex officio^ and if otherwise eligible), 
Librarian, Treasurer, Secretary, and Twelve other Members, to be 
elected as hereinafter prescribed 

VIII. 
President and Vice-Presidents. 

The President shall take the Chair on all occasions when pre- 
sent. In absence of the President, one of the Vice-Presidents 
shall take the Chair ; when the President and Vice-Presidents are 
absent, any Member may be voted into the Chair. In case of an 
equality of votes, the Chairman shall have a casting vote in 
addition to his deliberative vote. The President shall be a member 
ex-officio of all Committees. 

Presidents on retiiing from office shall be Honorary Vice- 
Presidents so long as they continue Members of the Society. 

IX. 
Librarian. 

The Librarian shall have charge of the Books belonging to the 
Society, and shall keep a Catalogue of them, and a register of their 
circulation among the Members. He shall consult the Library 
Committee in regard to the purchasing of all Books. He shall 
levy the fines incurred by breach of the Library Regulations, and 
pay over the same to the Treasurer a week before the annual 
accounts are made up. The Librarian shall have the assistance 
of a Sub-Librarian, duly appointed by the Council. The Librarian 
shall present to the Annual General Meeting a list of the additions 
made to the Library during the past year. The list shall be 
printed in the Proceedings annually. 

RegtUcUions for the ManagemerU of the Library. 

1. The Books may be exchanged each lawful day, at such hours 
as the Council may from time to time determine. 

2. Books shall not be taken from the Library until the Borrower 
sends a written order, or signs his name for them against the 
Entry in the Register of Books in Circulation. 

3. No reader shall be allowed more than one volume at a time 
of Books that have been less than three months in the Library, or 
three volumes at a time of books that have been more than three 
months in the Library. 



4. The lime allowed for reading the books, and the fines for 
keeping them too long, shall be as follows : — 



AITEB KHTir. TDOE AIXOWXD. FI1IB8 DT KXFT LOVGKK. 

First Month, . Three Days, . One Penny per Day. 

Second and Third Months, Seven Days, . Threepence per Week. 

After the Third Month, . Two Weeks, . Twopence x>er Week. 



5. If any Member retains a volume beyond the times above 
specified, the Librarian shall require him, in writing, to return it 
immediately; and if he does not comply, the Society may replace 
it, charging him not only with the price, but also with the fines 
due for not returning it. If the volume belongs to a set of books, 
the whole set must be replaced, provided the volume wanting 
cannot be got apart If any book is damaged when returned, a 
fine equivalent to the injury, as the Council shall determine, must 
be paid, and if injured so as to be unfit for use, it must be replaced 
by a complete copy. 

6. If a reader who has incurred fines refuses to'pay them, his 
right to read books from the Library shall be suspended. The 
fines shall be paid to the Librarian, or his substitute. 

7. None but Members of the Philosophical Society shall be 
entitled to borrow the books belonging to the Society's Library. 

8. Members engaged in drawing up papers to be read before the 
Society may have an extra number of volumes, and be allowed a 
longer time to read them, upon producing an order to that efifect 
from the Secretary of the Society, or the Secretary of one of the 
Sections. 

9. New books and periodicals shall lie on the Library table for 
at least a fortnight before being given out Rare and valuable 
books to be divided into two classes; one class to be mai*ked " Not 
to be given out," and the other to be given out only on special 
application in writing to the Librarian. 

10. All books shall be called in for inspection a week before 
the Annual Meeting. The names of Members not complying 
with this Rule shall be read at the Annual Meeting and exhibited 
in the Libnuy. 



11. Any contingency not provided for in these Eegulations 
shall be submitted to the Council, and their decision shall be final 
and binding on all concerned. 

X. 

Treasurer. 

The Treasurer shall have in charge the Funds of the Society^ and 
shall receive all Payments due to the Society, either personally, or 
by his substitute, or by a guaranteed Collector duly appointed by 
the Council. Whenever the sum in his hands amounts to Twenty 
Pounds, he shall deposit it in one of the Glasgow Banks, in name 
of the President and himself conjointly. He shall pay such sums 
as may be ordered by the Council, and shall keep an account of all 
his intromissions in the Society's Greneral Cash-Book, which account 
shall be balanced annually, on the 31st October, and be submitted 
to the Annual General Meeting, having been previously examined, 
with the Vouchers, by two Auditoi*s (who shall not be Members 
of the Council) appointed by the Society at the first Meeting in 
November. The Treasurer shall also keep a Register of the Names 
of the members of the Society, which shall be presented at the 
Annual General Meeting, together with an Inventory of all the 
Property (except the Library) possessed- by the Society. 

XL 

Secretary. 

The Secretary shall record the Minutes in books kept for the 
purpose. He shall also conduct the Society's general correspon- 
dence, act as Secretary to the Council, and edit the Proceedings, 
subject to the approval of the Council He shall be under the' 
control of the Council; and shall receive such a Salary as the 
Council may determine. He shall be a Member ex-officio of all 
Committees of Council. 

XIL 

Meetings of the Society. 

The Keoular Meetings shall be held in the Society's Rooms 
on alternate Wednesday evenings, from the beginning of Novem- 
ber till the end of April. The Secretary shall announce these 
Meetings by Circular addressed to all the Members of the Society 
residing in the United Kingdom, the Cii*cular to contain a copy 



of the Minutes of the previous Meeting, notices of motion, and 
other business to be brought before the Meeting announced. 
Twenty Members shall constitute a quorum. The Chair to be 
taken at Eight o'clock, when the business shall proceed as follows : 

1. The minates of the previous Meeting to be read and confirmed, and 
signed by the Chairman. 

2. New Members to be admitted. 

3. Proposal of New Members. 

4. Papers to be read. 

5. Announcement of Ballot for New Members. 

6. Motions and General Business to be disposed oi^ commencing not 
later than 9*40 p.m. 

The Society may also hold occasional Extra Meetings, at which 
lectures shall be delivered on questions of scientific interest; and 
to those Meetings persons not being members of the Society may 
be admitted under such regulations as the Council may deem 
expedient. 

ExTKAORDiNARY or SPECIAL MEETINGS may be called by the 
Council when they consider it proper or necessary ; and must be 
called by them on receipt of a requisition from ten Members 
specifying the business to be brought before such Meeting; twenty 
Members to constitute a quorum should the Meeting be held during 
the session, and thirty should it be held during the recess. 

A General Meeting of the Society shall be held Annually 
on the third Wednesday in November, or as near that day as 
may be, due intimation of which shall be communicated by the 
Secretary to all the Members of the Society. 

At this Ceneral Meeting — 

The Council shall give in a Report on the State of the Society. 
The Treasurer shall exhibit an audited Statement of the Funds of the 
Society. 
The librarian shall report on the State of the Library. 

Thereafter, the Society shall proceed to the filling up of vacancies 
in the Council, in the following order : — 

1. Election of President. 

2. Election of Vice-Presidents. 

3. Election of Librarian. 

4. Election of Treasurer. 

5. Election of Secretary. 

6. Election of Members of Council other than the ])receding Office-Bearers: 
four of the twelve rotiriug by rotation, and four being elected in their place. 



xin. 

Motions and Voting. 

Votes for the election of Office-Bearers and the admission of 
Members to be given by ballot ; all other votes vivd voce. 

Any motion may be carried by a simple majority of votes : 
exceptiDg for the admission of Members, when one-fifth of the 
votes tendered shall exclude ; and for the altering of, or adding to, 
the Rules. 

A motion for altering, annulling, or enacting Rules, shall not 
be adopted until it has been approved of at two successive Meet- 
ings of the Society in the same Session, by the votes of two-thirds 
of the Members present. Should the motion be negatived, it is 
lost for that Session. But no vote shall be taken on any such 
motion unless it has been previously submitted to the Council. 

No Motion shall be entertained unless notice of it has been given 
at a previous Meeting. 

XIV. 
Sections. 

The Society may comprise the following or other Sections : — 

A Archaeological Section. 

B. Architectural Section. 

C. Chemical Section. 

D. Geological Section, including Mineralogy. 

E. Mathematical and Physical Section, including Mechanics and Engineering. 

F. Physiological Section, including Natural History. 

G. Sanitary and Social Economy Section. 

Each Section may meet separately, and read and discuss papers, 
and otherwise transact business in accordance with the objects of 
the Section. It shall not be competent for any Section to take 
public action by memorial, deputation, or otherwise, without the 
sanction of the Society. The Members of the Society may attend 
any of the Sectional Meetings. Each Section may have Associates, 
for each of whom the Section shall' pay to the Ti-easurer of the 
Philosophical Society Five Shillings annually. Associates shall not 
be entitled to the privileges of the Society, but may consult the 
books — in the Library. 

XV. 

" PbOCEEDINOS " OF THE SOCIETY. 

The Proceedings of the Society shall be published annually: 
they shall also be issued in sheets during the Session, and sent 
to those Members who shall indicate to the Secretary, in writing, 
their desire to receive them. The Prooeedinga shall consist of a 
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selection from the Papers which have been read at the meetings of 
the Society and its Sections, or of abstracts of these Papers, — such 
selection to be made bj the Council. The authors of Papers 
published by the Society shall receive Thirty copies free of expense. 
The Council shall have power to reject any communication which 
they may deem unsuitable for the Society. 

XVI. 
Property of the Society. 
The Property of the Society shall be vested solely in the Ordi- 
nary Members, and be under the management of the Council. 
The Society shall not pay any Dividend, Gifl, Division, or Bonus 
/ in money to Members from its funds. 

XVII. 
The Council. 

Ordinary Meetings of Council shall be called by a Circular, 
intimating the business to be brought forward. Extraordinary 
Meetings of the Council may be called by the President, at 
his own discretion; or shall be called upon a requisition pre- 
sented to him (or, in his absence, to one of the Vice-Presidents), 
signed by five Members of Council. At a Meeting of Council, 
five shall constitute a quorum. The Secretary shall record the 
proceedings in a Minute-book. A list of the Members of all Com- 
mittees of Council shall be printed in the first Circular after their 
appointment, and inserted in the Proceedings. 

The Council shall administer the Funds of the Society, by defray- 
ing necessary charges, printing the Society's Proceedings, and pur- 
chasing books, models, or instruments. It shall not be competent 
for the Council to spend money on any other object, without the 
consent of the Society, to be obtained at two successive Meetings. 

Members of Council, except Ex-Presidents, shall each hold office 
for not more than three years ; and every retiring Office-Bearer 
shall be ineligible to the office from which he retires, until he has 
been one year out of it, excepting the Librarian, the Treasurer, 
and the Secretary, who may be re-elected. 

Vacancies arising during the currency of a year may be filled 
up, ad interim, by the Council, if they deem it expedient. Mem- 
bers so appointed shall hold office till the next ensuing Annual 
Meeting, when the Society shall supply the vacancies for the 
remaining time of the original Members' terms of office. Those ap- 
pointed to vacancies in this manner shall be eligible for immediate 
re-election if their period of service has not extended to two years. 

HMDIAL SOOKSINOINO CO. 

25iiSJ _ 005 „ ^i C^^Of^ 



I 



OL 




^ 



Qt 



DATE DUE 




































































































■JLfilQ5-124 







DATE DUE 



































































































